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introduction 


Work in 1996 by the Sacramento-San Joaquin Estuary Fishery Resource Office (SSJEFRO) was 
conducted to update and refine our knowledge of the factors influencing juvenile saimon abundance, 
distribution, and survival in the Sacrarnento-San Joaquin Estuary. Field sampling and special studies 
were conducted between August 1, 1995, and July 31, 1996 (referred to as the 1996 field season), with 
various sampling gears as juveniles rear and migrate through the lower Sacramento and San Joaquin 
Rivers and Delta. 


Objectives of the 1996 interagency Salmon Study were to: 

° Monitor the relative abundance, distribution, and timing of juvenile chinook saimon rearing and 
niigreting through the lower Sacramento River and Delta. 

e Determine relative survival (using fall and late-fall hatchery smoits) of juvenile salmon released in 
the upper river and Delta, and identify potential factors influencing survival. 

e identify management measures that could reduce the impacts of water project operatior:s and 
other controllable factors on saimon migrating through and rearing in the Delta. 


Midwater trawling, Kodiak trawling, and beach seining were employed at varying times and locations in the 
Delta and lower Sacramento and San Joaquin Rivers. Different sized juveniles of the various races of 
chinook salmon presumably have distinct spatial and temporal distributions making them vuinerabie to 
different gear types in the Delta. Although the largest juveniles (greater than 150 mm) probably are not 
effectively sampled using the gears employed by this office, the salvage facilities in the South Delta catch 
larger sized juveniles helping us to further understand the ebundance, distribution, and survival of juvenile 
saimon in the Delta. : 


Elements of the study in 1996 were: 


_ Loner Sacramento River 


. A weekly beach seining survey between Ord Bend (River Mile (RM) 184) and Elkhom (RM 71) on 
the lower Secramento River from August ‘, 1995, to July 31, 1996, to estimate the relative 
abundance and distribution of all races of salmonid fry in the lower Sacramento River (Figures 1 
and 2). 


° Weekly beach seining from Discovery Park (RM 60) on the Sacramento River to Antioch and in 
various locations in the central and Southern Delta and the lower San Joaquin River. The goal 
was to aiso estimate the relative abundance and distribution of all races of saimonid fry in the 
Delta between August 1, 1995, and July 31, 1996 (Figures 2 and 3). 

. A midwater trawl survey at Secramento from three to five days per week between August 2, 1995, 
and October 23, 1995, and between April 1, 1995, and July 31, 1996, to estimate the relative 
abundance of juvenile salmon untering the Delta (Figure 4). Knowing when the various races of 
ghinock juveniles enter the Delta is helpful in managing water project protective criteria, such as 
the operation of the Delta Cross Channei Gates. 
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Figure 1. Lower Sacramento River beach seine sites used in the 1996 


sampling year by SSJEFRO. —— 























Lower Sacramento River Seine North Delta Seine 

SR184E Ord Bend SRO60E Discovery Park 

SR163W Princeton SRO49E Garcia Bend 

SR144W Colusa State Park SRO43E Clarksburg 

SR138E Ward's Landing $S011N Steamboat Si 

SR130E South Meridian SRO24E Koket 

SROS4E Reeis Beach SRO17E Isieton 

SROSOW Knights Landing SRO14W Rio Vista 

SRO80E Verona AM00iS American River 

SRO71E Elkhom SRO12E Stump Beach 
MS001N Sherman island 

Central Delta Seine South Deita Seine 

LPOO3E Terminous TCOOZE Turner Cut 

XCO01N Delta Cross Channel $J032S Lost isie 

GS010E Georgiana Slough SJO26N Venice isiand 

SF014E Wimpy’s woo02w Veale Tract 

MKO04W B&W Marina ORO19E Old River 

DS002S King’s island MRO10W Woodward isiand 

SJOO5N Eddo’s $J041N Dad's Point 

TMOO1N Brannon isiand VCO002N Victoria Canal 

$J001S Antioch Dunes (Antioch Dunes National SJO51E Dos Reis 

Wildlife Refuge) 

San_loaquin Seine 

SJOS6E Mossdaile 

SJOSSW Weatherby 

SJO63W Big Beach 

SJO68W Durham 

SJ074W Sturgeon Bend 

$J077E Route 132 

SJOB3W North of Tuolumne River 

Sacramento Saina 

Verona (SROGOE), Elkhorn (SRO71E), Sand Cove (SRO62E), Discovery Park (SROGOE), Miller Park 

(SRO57E), Sherwood Harbor (SROS5S5E), Garcia Bend (SRO49E), Clarksburg (SRO43E) 








Figure 2. Station codes and names for ali gears used by SSJEFRO in 1996. The beach seine 
sites in the Lower Sacramento River sampling area are upsiream of the city of 
Sacramento on the Se:ramento River (RM 60). The North Delta seine sites are eouth of 
Sacramento on the Secramento River. The Central Delta seine sites are between the 
Secramento and San Joaquin Rivers and the South Delta seine sites are located in the 
interior Delta south of the San Joaquin River. The Sean Joaquin River seine sites are 
upstream of Dos Reis Park (RM 51) on the San Joaquin River. The Sacramento seine 
ranges from Verona (RM 80) to Clarksburg (RM 43) on the Sacramento River and 
consists of three sites exclusively for ihe Sacramento erea seine: Sand Cove, Miller Park, 
and Sherwood Harbor. 
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Figure 4. Delta trawi sites used by SSJEFRO in the 1996 fieid season. 





. A Kodiak trawl survey at Sacramento between October 25, 1995, and April 4, 1996, between 
three and seven days per week (Figure 4). The Kociak trawi, which is pulled through the water 
with two boats has a larger nei opening than the midwater trawi used at that location in the past. 
It was used to increase the efficiency of capturing the larger and less abundant chinook that are 
typically present during the fall/winter period. 

. A midwater trawi survey was conducted at Chipps isiand, from three to seven days per week 
between August 2, 1995, ari July 29, 1996 (Figure 4). The trawi at Chipps Isiand is used to 
index the number of unmarked fish emigrating from the Delta and to recover marked smoits 
released in mark and recapture experiments. 

. Coded wire tagged (CVT) mark and recapture studies were conducted to determine Delta 
survival of fall run and late-fail run juveniles under varied environmental conditions. 


Specific questions audressed by tag studies in 1996 were: 


Sacramente/Detts: 
What is the survival of salmon smolts migrating through the Delta (released near Sacramento), 
under various environmental con. ‘tions? 


San Joaquin Delta 
What is the survival of salmon smolts migrating down the San Joaquin River without a barrier at 
the head of Upper Old River? 


CWT recovery data generated by the ocean fishery is available to confirm past conclusions besed on trawl 
recovery information. 














1996 Water Year Conditions 


The 1996 water year (October 1995 - September 1996) was classified as wet. Outfiow at Verona in 
October and November was relatively dry but a series of large storms hit the Sacramento River Basin in 
States Geological Survey, 1997). Figure 5 shows the mean flow at Verona between 1946 and 1995, and 
the mean flow at Verona during 1996. March, April, and May outflow was below normal, and a storm in 
late-May increased the average outfiow to near norma! in June. 


Monthly Average Flow at Verona 
1946-1906 and 1906 
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Figure 5. Mean flow on the Sacramento River at Verona between 
1946 and 1995, end during 1996. 


_ Race Deliniation by Size 


The SSJEFRO is one of several saimon monitoring groups within the Central Valley that use size and date 
of capture to determine juvenile chinook saimon race in the lower Sacramento River and Delta. The daily 
size criterion was developed by Frank Fisher, of California Department of Fish and Game in 1992, and 
later modified by Sheile Greene of the California Department of Water Resources. At this time it is the 
only tool used to determine race of juvenile salmon in the fieki. However, several problems exist 
regarding its validity that have been discussed in past reports (United States Fish and Wildlife Service, 
1994). For the reasons identified in previous reports, the race designations used in this report should only 
be used as @ rough approximation and not interpreted as definitive. Genetic differentiation of races is 
promising and may help determine true race of Central Valley salmon juveniles in the future. 





Although ail four races are designated in the field using the size criteria, for this report the fail and spring 
run categories have been combined into a group icentified as fail/spring run. 






































e fF €@ ee FF Ot eFF FF ePeeEH FA FS 











e ere ¢ 7 Ot 2 FF Fee FH Fe F 





Figure 6. Red Biuff Diversion Dam yearty escapement estimates of naturally spawning spring, fall, and winter run. 
Years 1986 to 1995 are preliminary. Source: Department of Fish and Game, iniand Fisheries Division, 
Red Biuff. 
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Figure 7. Spawner population estimates of fall run chinook salmon between 1978 and 1995 on the Feather and 
American Rivers, and the Stanisiaus, Tuolumne, arid Merced Rivers combinded. 
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Beach Seine 


All seining was Gone with a 15 meter x 1.2 meter (50° x 4") 3 mm (1/8") delta square mesh beach seine 
#ith a 7.5 meter (4') long bag. One seine haul was attempted at each site. Seine sites consisted of 
cement boat ramps, sancy beaches, gravel bars, and muddy iniets. The majority of sites on the 
Sacramento River and Deita have been sampled since the mid-1970's to document the reiative 
abundance of juvenile chinook saimon between and within years. Every attempt was made to seine the 
original historical sites to retain validity of year to year catch per unit of effort comparisons. Occasionally, 
changes in flow or excessive traffic prevented seining a site. 





Before valid comparisons in abundance and timing within and 
between year: were made, catches were corrected for effort by 
standardizing to catch per cubic meter (CPM°). Catch per cubic 
meter for each beach seine haul was caiculated using ine ‘ollowing 
equation in meters (see diagram oc” left): 


Seine CPM’ = Catchy (.5) depth X width X length 














The midwater traw! net used at Sacramento was a variable mesh net with a fully extended mouth size of 
1.8 meter x 4.6 meters (6° x 15°) tapering to a cod end of 3 mm mesh (1/8"). This net has been used at or 
neer this location during the spring since 1968. Figure 6 is a schematic drawing of the midwater trawi net. 
One pair of heavy bottom doors spread the net at the lead line end one pair of top doors with floats spread 
the top of the net at water level. Though it is called a midwater trewi net due to its design, it is fished on 
the surface of the water. Actual tishing dimensions of the net vary due to currer:’s and weather conditions 
and have been described in pest reports (United States Fish and Widiife Service, 1993). The larger 
midwater trawl net used at Chipps isiand (Figure 9) is similar in construction to the midwater trew! net 
uscd et Secramento and has a mouth dimension of 3 meters x 9 meters (10°x30’). 


Ten twenty minute trawis were done per sample day st both locations. Ali trawling at Sacramento was 
done in the middie of the channel facing upstream against the current within 1.5 kdometers of the sarnple 
site. Trawling st Chipps isiand aiso was done within 1.5 kiometers from the sampie site in botn directions 
regardiess of tide, and in three channel locations: North, South, and middie. Occasionally, inclemeni 
weather, mechanical problems, or excessive fish catches required reducing tow times or the number of 
tows 
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1.83m x 4.57m 






Figure 8. Schematic drawing of the midwater trawl net used at Sacramento during the 1996 field season. 
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3.05m x 9.14m 












Figure 9. Schematic drawing of the midwater traw! net used at Chipps island during the 1996 field season. 
























Catch by cubic meter per tow in the midwester trawi was calculated with the folowir.9 formula: 


le 


The net mouth area in the smail and iarge midwater trawi nets used for calculations were actual estimated 
net mouth fish...g arees. Previous studies showed that the midwater trawi nets don't open completely 
while under tow (United States Fish and Wildlife Service, 1993) and that mouth dimensions vary within 
and between tows. Estimated net mouth arees used in this report were the mean mouth openings 
calculated from these studies. The estimated nt mouth arees while fishing were 5.1 square meters for 
the small midwater trawl used at Sacramento and 18.6 square meters for the large midwater trawl used at 
Chipps isiand. The distance the net pesses thvough the water column defined in maters wes measured 
during each tow with a General Oceanics mechanical flow meter (model 2030). Totai revolutions per tow 
were counted by the flow meter and converted to lineer distance using standard equations as described in 
the General Ocseanics manual. This is a measurement of the distance of water sampled and is not related 
to distance traveled relative to land which can be effected by tides and currents. 


The Kodiek trawl net also wes variable mesh with a fully expended mouth opening of 6 x 25 feet (1.83 x 
7.62 meters) and is shown in Figure 10. The estimated fishing net mouth area, extrapolated from 
midwater traw\ studies (United States Fish and Widiife Service, 1993), was 12.5 square meters for the 
Kodiek trawl. A float line and lead line enabled the net to fish the top 1.8 meters of the water column. At 
the front of eech wing wes @ 1.8 meter ber keeping this depth constant. The Kodiek trewi wes fished with 
an aluminum live box es a cod end to avoid excessive fish mortality. Two boets pulled the Kodiek net 
througn the water, one dragging each wing. At the end of each tow, one of the boats retrieved the live box 
from the net and removed the fish. The method used to culculete catch per cubic meter per tow is the 
sare as the midwater trew!. 


Daily, weeldy, and monthly CPUE calculations 


Dete wes summerized using monthly cecch per cubic meter (CPM*) values. The everage monthly CPM °, 
unless otherwise specified, wes caiculsted besed on the daily and weekly everages as shown in the 
following formulas. 


Average Dally CPM’ = E (ottahow cra’ 





# sitee/htows sampled in each day 


14 




















ee | — + =e ee « 


ef 


eo —— <—-erm 








— * 2S —-* = ee e_e y &* 
age ei me ee) ee Ewer ee werrne oe: 
































Figure 10. Schematic drawing of kodiak trawl net used at Sacramento during the 1996 field season. 
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Average Weekly CPM’ = 
§ days sampled in each week 
Average Monthly CPM” =  (wookty cpm) 
8 weeks sampied in each month 


The monthty CPM? is the sum of weekly CPM” divided by the number of weeks sampled per month. 
Weeks were designated as Monday-Sunday and which overlap months were split and included in 
their respective months. average weekly was caiculsted by averaging ali daily means within 
the week. The dally was the average of all tows for trawi and ail sites for seine for each day. 
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Lower Sacramento River Beaca Seine 


To estimate the relative abundance of juvenile chinook saimon in the lower Sacramento River, beach 
seining wes conducted at nine sites once per week from August 1, 1995, through July 31, 1996. The area 
sampled was from Ord Bend (rm 184) downstream to Elkhorn (rm 71). The substrates sampled were 
cobblestone, sand, and paved boat ramps. Flow information at Colusa wes obtained from a Department 
of Water Resources recording station (rm 144). 


The most abundant rece captured in the lower Sacramento River during the 1996 field season was 
fail/spring (Table 1 and 2, Figure 11). Size ranged between 29 and 98 mm fork length with an average of 
42 mm. Catches occurred between August 22, 1995, and July 2, 1996. Many fry were captured during 
the high flow period in December, Jenuary, and February. Larger, smoit sized faili/spring run were 
captured in the spring. These fish did not leave the lower Sacramento River during the high flows of 
winter but rather migrated when temperatures were higher and flows lower during the spring. Fali/spring 
are typically smaiier than \ate-fall or winter run when leaving the lower river and are more vuinerabie to 
capture in the seine than the other races because of their smail size and thus preference for shoreline 
habitat. The high susceptibility of fali/spring to capture in the seine and their relatively high abundance 
compered to other races in the Central Valley make them very prominent in beach seine catches. 


Catch per unit of effort of fali/spring run during the 1994 field season, a critical water year, was 
considerably lower than in 1995 end 1996 which were both wet yeers (Figure 12). Highest density wes in 
March during 1994 and in January and February during 1995 and 1996, respectively. 


A total of 183 winter run were captured in the lower Sacramento River beech seine during the 1996 field 
sampling year between December 7, 1995, and April 22, 1996 (Table 1). Catches were greatest in 
December and January, with catch per unit effort considerably higher during these months than in 
February, March, and Apri. These results are similar with trends seen in 19965 (Figure 12). The 1904 field 
seeson observed the highest catch per unit effort in February rather than December or January as was 
the case in 1995 and 1996. 


Catches of iste-fall juveniles in the lower Sacramento River beach seine during the 1996 field season 
included juveniies from 1995 (yearlings) and 1996 (fry). Late-fall spawning occurs between January and 
late-Apri. Juveniles can enter the Delta as fry in the spring or as yearlings in the fall/winter. it is 
necessary to observe abundance in both the spring and fail for each brood yeer to assess the movement 
through the Delta of eech year class of late -fail juvenies. 


A total of 20 late-fail yearling sized chinook were captured between August 22, 1995, and January 29, 
1996. Size renged between 73 and 178 mm fork length. As shown in Tables 1 and 2, peek captures were 
in December. A small population of late-fail juveniles from the 1995 brood yeer were aiso captured in the 
spring of the 1995 field season (Figure 13). 


One 1996 brood year late-faill was captured in June along the lower Sacramento River measuring 53 mm. 


Temperatures in the river during the summer often approach 70 degrees, possibly effecting the survival of 
tate-fall juvenies. 
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Chinook salmon on the lower Sacramento River 
beach seine sarvey during the 1996 fieid season 


Table 1. Monthy catch of afi reces of 
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Figure 11. Daily catch per cubic rneter in the lower Sacramento River beach seine during the 1996 fieid season. 
No flow date is available for June 12-17, 1996. 
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Figure 12. Monthly catch per cubic meter of fall/spring run chinook saimon in the lower Sacramento River beach 
seine during the 1994, 1995, and 1996 field seasons. 
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Figure 13. Mean Catch per cubic meter of late-fall chinook in the beach seine in the lower 
Sacramento River brood years (BY) 1993, 1994, 1995, and 1996. 
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Catches of late-fail fry were observed in April and May of 1993 and in May of 1995 (both wet years), but 
absent during the spring of 1994, a critically dry year. November, December, and January catches of 
yearlings were high in the fail of 1994 (1995 field season), indicating that in drier years the majority of late- 
fall move through the lower Sacramento River as yearlings. High numbers were observed in November of 
the 1994 field season, eerlier than observed in the 1995 field season (January, 1995). Potentially, the 
high flows in the spring of 1993 moved the fish into the lower Sacramento River as fry and contributed to 
the early peak of yearlings observed that fall. The pattem aprears different in the drier years, with no fry 
observed in the lower Sacramento River during the spring and later peaks of iate-fall observed the 
following fall. This pattern may be more pronounced due to the negative effects of high tempereture on 
salmon survival. The high flows during December and January of the 1996 field season produced high 
catches of late-fail yearlings (1995 brood year). A single 1996 brood year fry was captured in the spring, 
indicating fry movement as well during the season. 
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Delta Beach Seine 
(North, Central and South) 


Delta beach seining was conducted weekly from August 1, 1995, through July 31, 1996, in the North, 
central and South Delta. A total of ten North Delta sites, ten central Delta sites, and nine South Deita sites 
were sampled eech week (Figures 2 and 4) Between October and April an additional set of seine sites 
were sampled five days a week. The additional seine sites consisted of two sites on the lower 
Secramento River, three new sites, and three sites in the North Delta. This seining was done in addition 
to normal sampling to capture winter run fry as they enter the Delta. 


Raw catch and catch per cubic meter (CPM*) of each race in the Delta is shown in Table 3. Figure 14 
@ustrates catch per cubic meter by day (by race) for the Delta seine sites, along with the Sacramento 
River flow at Freeport. This presentation indicates relative abundance of each race over time and their 
response to flow events. 


A total of 17,907 fali/epring juveniies were captured in the Delta between December 14, 1995, and July 3, 
1996, with a peek monthly CPM? of 1.67 in February (Table 4). The size of the fell/spring run captured 
ranged from 29 mm to 133 mm fork length. The peek emigration period occurred in February consisting 
mostly of fry during a period of high flows (Figure 14). 


There were 139 winter run juveniles captured in the Delta beach seine between December 14, 1995, and 
April 4, 1996. Size ranged between 53 and 120 mm and averaged 8&4 mm. More than half of these fish 
(73) were captured in December following winter flow events. 


A total of ten yearling sized late-fall we re recovered in the Delta eres between December 17, 1905, and 
February 6, 1996. The mean size of t.see yearling lete-fall wes 143 mm fork length. Four lete-fall fry 
_ ‘were captured during the spring of the 1995 field season. The 1905 brood year late-fall population 
migrated es fry and yearlings. 


Nine tate-fail fry from the 1996 brood yeer were captured in the spring between April 23 and July 23, 1996. 
Fork lengths ranged from 37 to 53 mm and averaged 43 mm. 


Figure 15 dieplays the 1960 through 1996 comparison of the lower Sacramento, North, and central Delta 
everage salmon catch per haul between January and March. Mean catch between January and March 
during the 1906 field season was above normal. 


Past information has shown catch per seine haul in the northern Delta to be correlated to flow at Freeport 
(United States Fish and Wildlife Service, 1995). Mean January through March CPM’ was plotted with 
mean February flow on the Sacramento River at Freeport betweer 1985 and 1996 in Figure 16. This 
relationship shows the importance of the Delta to juvenile salmon duning high flow years. 


24 











Table 3. Monthly abundance (total number caught) and catch per cubic meter of fali/spring, 
winter, and late-fall run chinook saimon in the central, South, and North Delta beach 


seine during the 1996 field season. 





Catch per 



























































Month Catch Catch per Catch Catch Catch per 
Falepring | cubic meter; Winter | cubicmeter| Late-fall | cubic meter 
Sep 0 0 0 0 0 0 
Oct 0 0 0 0 0 0 
Nov 0 0 0 0 0 0 
Dec 1261 0.13288 73 0.01129 6 0.00187 
Jan 3159 0.44819 30 0.00562 2 0.00034 
Feb 7927 1.66917 20 0.00686 2 0.00103 
Mar 4724 0.83426 5 0.00101 0 0 
Apr 720 0.1362 2 0.00066 1 0.00017 
May 106 0.02206 0 0 7 0.00064 
Jun 6 0.00111 0 0 0 0 
Jul 4 0.00158 0 0 1 0.00029 
Total 17,907 130 19 
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Figure 15. January through March everage catch per seine haul between 1978 and 1996 of chinook salmon 
juveniles in the lower Sacramento River, North Delta, and central Delta. No sampling was done 
in the lower Sacramento River during 1960. 
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Figure 16. Mean catch per cubic meter in the North Delta (January - March) versus February mean filow on the 
Sacramento River at Freeport between 1985 and 1996. 
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Lower San Joaquin River Seine 


The San Joaquin River seining effort began in 1994 to document the timing and abundance of the out- 
rrugrating fall run juvenile : hinook. 


Nine seine sites on the lo ver San Joaquin River were sampled on a weekly basis between January 1 and 
June 30, 1996, catching a total of 19 juvenile salmon. Catch in 1995 using similar effort yielded 30 
chinook between February § and June 6, 1995. Total catch in 1994 occurred all in April and consisted of 
53 juvenile chinook (Figure 17). There does not seem to be @ consistent pattern between increases in 
flow and catches in the beach seine at sites along the lower San Joaquin River (Figure 17). 


One winter run sized chinook (109 mm) wes captured on April 4, 1995, st Dos Reis on the San Josquin 
River. While this fish wes consistent with the size of other winter run captured in the Delta and 
Sacramento River (101 mm - 204 mm) & was likely e San Joequin River fail run chinook, as winter run 
spewn in the Sacramento River system. This is one example of the drawbecks to using the growth: criteria 
on salmon in the Delta. 
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Midweter and Kodiek Trawi at Sacramento 


Midwater trawling has been conducted in Sacramento since 1968 in an attempt to index abundance and 
timing of juvenile chinook salmon entering the Delta. All sampling wes done at river mile 55, 
approximately four miles downstream from Sacramento with the exception of 1990 when sampling 
occurred near the town of Courtland, approximately 21 mies downstream of the present site. Since 1995, 
Kodiak trawling using two boats, siso hes been utilized between October and April to capture larger, less 
ebundart juveniles when vessels and crews heave been avaiable and when river flows were at safe levels. 
Both types of sampling geer were fished for ten 20 minute tows per day, three to seven deys per week, 
targeting smolt sized juvenile chinook salmon that migrate in the deeper portions of the river channel. 
During the 1996 sampling season, midwater trawling occurred from August 1, 1995, to October 24, 1995, 
and April 1, 1996, tc July 31, 1996, while Kodiak trawling wes performed from Octoter 25, 1995, to Apri 4, 
1996. Flow information st Verone wes obtsined from the Depertment of Water Resources (rm 80). 


A total of 11,341 fali/epring run were captured using the midwaner trewi during the 1996 field season 
(Table 4). Midweter trawling started in August capturing vweriing sized fali/spring run from the 1995 brood 
year. These fish were probably @ continuaiion of the fali/epiing run migration from the spring of 1995 
(Figuree 18 and 19). When trawling ensued during the spring of 1996 mostly smolt sized fish were 
captured (Figure 18). Size of capture ranged from 38 mm to 117 mm fork length. Captures occurred 
between August 7, 1906, and July 29, 1996. Density wes highest in Apri and May. 


A total of 34,061 fail/epring run were captured using the Kodiak trewi during the 1996 field season. The 
first emigration of fry wes captured from the 1996 brood year which coincided with the first high flow event 
of the season (Figure 19). in addition, the Kodiak trawi fished during heavy outflow periods in the winter, 
yielding many fali/epring run fry. in Jenuary, es flows increased, catches of fali/epring fish also increased. 
The peak period of emigration wes in earty February which coincided with the first of the three high flow 
events for *.4 season. During a three day period (February 5, 6, and 7), CPM"s for fali/epring were two to 
seven time higher than any other ogy during the season. The corresponding flows at Verona were high 
es well. Fork lengths ranged from 25 to 241 mm. 


Because there wes no midwater trawling between November and April, the out migration seeson for winter 
Tun was not effectively eddressed by the midwater trew/. 


Winter run were captured from December 15, 1995, to April 2, 1996, in the Kodiek trewi and first captured 
in December when peak flows for the season began. The lest detection of winter run cocurred during a 

period of decreasing flows (Figure 19). Highest monthly catches and CPM” occurred in March (Table 4). 
Peak density in 1995 was also in March wherees in 1994 peak catches occurred in February, @ critically 

Gry water year. Size of capture during the 1996 field season ranged from 51 to 140 mm fork length. 


Late-fall chinook were captured in August and Septernber (one fish each month) in the midwater trew(. 
These fish were from the 1995 brood year. One fish from the 1996 brood year was captured in April. 
Twenty-seven iate-fail run were captured in December and January in the Kodiak trawl. The peak catches 
occurred during first peak flow in December (Figure 19). Size ranged between 109 and 142 mm fork 
length. 
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Figure 18. Average fork length per day for all races of chinook saimon captured in the Sacramento River 
midwater (MWTR) and Kodiak (KDTR) treawis (1994, 1995, and 1996). No Kodiak trawling 
occurred in 1994. 
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Figure 19. Daly catch per cubic meter in the Kodiak and midwater trewi at Sacramento during the 
1996 Seid season. 
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Table 4. § Mean fork length and catch per cubic meter x 10,000 of iste-fall, winter, and faii/epring run 
chinook in the midwater and Kodiek trawi st Secramento during the 1996 fieid season. 
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* Sampling only occurred April 1-4, 1996. 
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Figure 20 Bustretes the meen catch per tow st Secramento since inception of sampling in 1988. These 
catches ere heevily influenced by Co.eman Netonei Fish Hatchery releeses during the spring. Catches in 
1996 were slighty below everage. This could be due to ‘the large portion of fry which emigrated from the 
systern in the winter and or low survivability of Hatchery released fish. 



































Figure 20. Meen catch of saimon smolts per 20 minute tow with the Sacramento midwater trawi in April, May, and 
June from 1968 to 1996. Trewlirg was done approximately 20 miles downstream in Courtland during 
1990. No sampling was done in April of 1992. 
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Midwater Trawling at Chipps isiand 


Trawling at Chipps island during the 1996 field season wae conducted from August 2, 1995, through June 
22, 1996, to increase our knowledge of the migration c/ juvenile saimon from the Delta. The sampling 
typically consisted of ten 20 minute tows done on a three to seven day a week schedule depending on the 
need to recover coded wire tagged sa:mon for survival studies. 


As in past years, the majority of smolts migrated through the Delta in April and May, reflecting the high 
numbers of faii/spring run fish relative to the other races and the influence of the spring hatchery releases 
from Coleman National Fish Hatchery. in 1996, the mean juvenile chinook abundance in the westem 
Delta at Chipps isiand for the months of April, May, and June, was very close to the mean of the years 
1978 through 1995. The mean catch per tow at Chipps isiand for the months of April, May, and June wes 
20.5 in 1996 and the mean catch per tow for the years 1978 through 1995 wes 19.6. The actual catches 
during April, May, and June were very close to the 1995 catches (Figure 21). Figure 22 represents the 
average daily fork length (mm) of all races of juvenile chinook captured at Chipps island and the daily 
catch per cubic meter (logarithm bese 10) of ali races of chinook caught at Chipps isiand. From August 
through December, the average daily fork length wes generally higher than for those captured in January 
through June due to the presence of larger yearlings in the fall catch. Large numbers of fry were captured 
in late January and early February at Chipps isiand. Spring catches consisted of mostly smolts. Catches 
by race are standardized by cubic meters of water samplec and provided on a daily basis in Figure 23. 


A total of 33 late-fall yearlings of the 1995 brood yeer were captured at Chipps isiand between September 
1995 and February 1996. One fry from the 1996 brood yeer at thirty-five millimeters fork length was 
captured in May. Otherwise, the sizes ranged from 88-154 mm fork length. The highest relative density of 
lete-fall as shown in Table 5, wes in January. This is a month later than observed in Secramento, again 
demonstrating that iate-fall moved relatively quickly through the Delta (but not as fast es fail/spring smolts) 
- In the fall/winter of the 1996 field season. 


A total of 366 winter run were captured at Chipps island in the 1996 field season. The first winter run 
Capture during the 1996 field season at Chipps island wes December 20, 1995 (Figure 15). Peak 
captures were in March, with presence detected December through May. The fork lengths of these smolts 
ranged from 83 to 154 mm. The 1906 field season tote! winter run catch at this location wes 312 and in 
1904 R wes only 47. The everage catch per cubic meter x 10,000 for the months of January through April 
in 1906 was 2146 (Table 5), which is comparable to the 1995 figure of 2763. The 1994 everage for this 
same time period wes .0765. The 1995 and 1906 water yeers were both wet while 1904 wes @ critical 
water year. 


A total of 17,132 fail/epring were captured at Chipps isiand between August and July. The peak wes in 
May, with 10,196 juvenie chinook captured. The sizes ranged from 30 mm to 258 mm fork length (Figure 
22). Fry were observed December through March, with a peek in =>, uary and again in April anc May. 
Yearling sized fish were captured August through November and smolts were captured March through 
June. 
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Figure 21. Mean catch of salmon smolts per 20 minute tow with Chipps Island midwater trawl in April, May, and 
June from 1978 to 1996. 
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Figure 22. Mean size and log of catch per 20 minute tow at Sacramento between August 2, 1995, and July 
29, 1996. 
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Figure 23. Daily catch per cubic meter (log) of each species in the midwater tiawi at Chipps isiand during the 1996 
- field season. 
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Table 5. Catch by month and catch per cubic meter x 10000 of each race of juvenile chinook 


caught in the Chipps Isiand midwater trawi during the 1996 field season. 

































































Late-fail Winter. Fail/spring 

Month Catch per Catch per Catch per 

Late-fall cubic Winter cubic Fall/spring cubic 

Catch meter Catch meter Catch meter 
Aug - 0 - 14 0.0235 
Sep 1 0.00633 0 - 8 0.06765 
Oct 1 0.01543 0 - 15 0.18284 
Nov 0 - 0 - 0.01313 
Dec 10 0.16380 4 0.06395 2 0.03075 
Jan 20 0.03835 38 0.06550 59 0.10031 
Feb 1 0.00218 33 0.11223 1,578 3.66138 
Mar 0 - 239 0.58482 688 1.58957 
Apr 0 - 39 0.06582 4,233 9.35601 
May 1 0.00462 3 0.00118 10,195 13.57708 
Jun 0 - 0 - 339 1.50844 
Jul 0 - 0 - 0 - 
Total x 356 17,132 




















and June from 1978 to 1996 with the water year type included across the bottom of the figure. Most of the 
1996 fish were captured in May, with very few caught in June. This was also the case in 1995. In 1994 
and 1992, both considered critical water years, the peak in catch occurred in April. Prior to 1985, chinook 
catches were much more evenly distributed over this three month period. 
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Absoiute Abundance Estimates 


To estimate the absolute abundance of out migrating juveniles in 1996 the mean trawl recovery ‘ate 
between 1980 and 1995 (excluding 1987) was used. 


The yearly mean trawl recovery rate is calculated by averaging trawi recovery rates for each tag group 
within a year. 


The trawi recovery rate at Chipps isiand wes calculated vased on the following formulas: 
Trew recovery rate = # captured at Chipps / # available for capture at Chipps, adjusted for time, 
the # captured = the number of a particular tag code recovered st Chipps isiand, 
the # available for capture at Chipps adjusted for time = # surviving X fraction of time sampied, 
the # surviving to Chipps island = recovery rate in the ocean fishery of the upstream tag group / 
recovery rate in the ocean fishery of the contro! group (Benicia, Port Chicago, or Ryde), 
and the recovery rate in the ocean fishery = expanded # of a of perticular tag code recovered in 
ocean fishery/number released 


if the contro! groups (Port Chicago or Benicia) have unusually low ocean survival rates the resulting trewi 
recovery estimate wil be greeter than 1.0. To prevent this, Ryde which is approximately 25 miles 
upstreem wes used at times as @ control Group. Trew recovery values between 1960 and 1995 
(excluding 1967) ranged between .0034 & 0329 and sveraged .0104 (see Figure 25 and Appendix 1). 
No contro! releases were done in 1967 thus no estimate of traw! recovery rete was obtained for that yeer. 
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Figure 25. Recovery rate of the midwater traw! at Chipps Island between 1980 and 1995. 
There were no control releases in 1967. 














Groups with survival greater than 1.0 were not used in the caiculation of trawi recovery rates because they 
were outside the boundaries of reasonable estimates. Survival values equal to 0.0 were not used as weil, 
because recovery rates can not be estimated using null values. Although there are many assumptions 
associated with these estimates of trawi recovery, they do provide an assessment of trawi recovery at 
Chipps isiand. 


Because ocean recovery data for the 1996 field season will not be available until amnpie time is given for 
recoveries, the recovery rate used in this report was based on the average recovery rate between 1960 
and 1995 (excluding 1987). 


Juvenile fail\spring run chinook estimates for the season, consisting of fry captures during the winter, and 
smolt captures during the spring (between August 1, 1995, and July 31, 1996) totaled 15,960,777. This 
estimate is slightly higher than the 1994 estimate (Table 6), and lower than the 1995 estimate. 


The juvenile winter run estimate between December 1995 and May 30, 1996, wes 477,860. As was the 


case with fail/spring fish, the 1996 brood year estimate for winter run was higher than the 1994 brood yeer 
but lower than the 1995 brood yeer estimate. 


A total of 33 iate-fall were captured at Chipps isiand between August and January of the 1996 field season 
representing the 1995 brood stock. One 1995 brood yeer lste-fail fry wes captured during May of the 
1995 field season. Combining these two seasons catches gives an estimated abundance of 120,663 iate- 
fall for the 1995 brood year. 


Only one 1996 brood year lete-fall was captured in the Chipps isiand trawi during May bringing the 
ebundance estimete to 726 fish. Because the majority of iste-fall captured in the Chipps trew are during 
the fail the following yeer, during the next fieid season, a complete estimate of the 1996 brood year will not 
be possible until results are in from the 1997 field season. 


Absolute abundance for all years was aiso estimeted by experx'ing juvenile catch st Chipps isiand using 
the mean trawl recovery rete. Past expensions using the fraction -‘ time and clunne! width sampled of 
coded wire tagged fish recovered st Chipps island heve estimated survival to ve grester than 1.0 at times. 
This may indicate thet, due to the tidal flux st Chipps island, we ere sampling the same group of fish 
repeatedly (fish may be moving pest Chipps isiend more than once due to tidal effect). This would 
overestimate survival. Sampling is also done during the day which typically yields higher catches than st 
night (Wickwire and Stevens, 1966) which would eiso bies the survival estimates high. it is assumed for 
expension thet the coded wire tagged smolts passing by Chipps island are equally distributed in both 
spece (across the channel) and time. 


Appendix 1 shows total catch, fraction of time sampled, and the corresponding abundance estimates 
besed on the overall trawl recovery for the yeers 1960 to 1995 (excluding 1967). it is likely thet 
efficiencies during the wet years suc’: as 19° are relatively low due to high outfiow. Ocean data in future 
yeers will provide informaticn to ev eluate this possibility. 












































Table 6. Catch, trawl recovery rate, and estimated abundance of fali/spring, winter, and iate-fall chinook 
smolts captured at Chipps isiand 1994 - 1996. Late-fail estimates are calculated from two 
sampling years catches because outmigraton ocurrs during the summer as fry and earty winter 
@s smolts. Results from ths 1996 sampling year for late-fail estimates can not be obtained 
until results of 1997 field season are calculated. 

Yearfrace Catch Trawl Recovery Rate 
1994 Fali/epring 5,806 0.0034 
1995 Fali/epring 19,700 0.0075 
1996 Fali/epring 17,082 0.0104 
1994 Winter 47 0.0034 
1996 Winter 312 0.0075 
1996 Winter 356 0.0104 
0 (fry) 0.0034 
wwstaeet = |g am 
1906 Late-fal” 1 0.0104 























* This estimate only inchudes fry captures during the 1906 field season. A complete estimate wil be made 
after the 1997 fieid season. 
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Figure 26 graphs yearty abundance estimates at Chipps isiand between April 1 and June 30 from 1978 to 
1995 using the traw! recovery rate for each year and if not available, the mean from 1980 to 1995 
(excluding 1967). This graph provides a general index of the absolute production of chinook passing 
Chipps isiand between between April and June from 1978 to 1995. 


As discussed previously, catch per cubic meter at Chipps isiand of smolts between April and June is 
significantly correlated with mean flow at Rio Vista (cis) between 1978 and 1996 (Figure 27). This 
relationship shows that saimon smoit density increases during higher outfiow. 


if the mean density of smolts captured between April and June is divided by the trawl recovery rate for 
eech year and plotied with flow, the relationship is improved (Figurs 28), injicating that trawl recovery 
rates likely very between yeers. Correcting for these differences in recovery ‘tes improves the observed 
relationship and velidetes the use of this methodology. 
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% = used mean trawl recovery between 1960 and 1995 (excluding 1987) 


Figure 26. Absolute estimates of smolt abundance at Chipps isiand between April 1 and June 30 
from 1978 to 1995 using trewi recovery rates calculated from ocean recoveries. 
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y = 1E-O8x + 0.0004 
0.00124  *=0.6284 


n= 19,p<0.01 
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Figure 27. Meen catch of unmarked chino: * nolts per cubic meter in the midwater trawi 
et Chipps island between Apria. . ff 1976 to 1996 versus mean daly Sacramento 
River flow at Rio Vista between April an. June in cis. 
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Catch of unmarked smolts per cubic meter et Chipps isiand divided by the recovery 
rate besed on CWT studies versus mean daily flow at Rio Vista (April-June) in cfs, 
from 1978 to 1996. Mean recovery rates for years 1960 to 1995 (excluding 1967) 
were used as recovery rate during 1978, 1979, 1967, and 1996 due to lack of contro! 
releases and or dats evellability. 








Mark and Recapture Experiments 


During the winter of 1995-96 and the spring of 1996, mark and recapture experiments using coded wire 
tagged (CWT) juvenile saimon were conducted to refine our understanding of their survival through the 
Sacramento and San Joaquin Deltas. The specific questions we attempted to address with mark and 
recapture studies in 1996 were: 


@) using iete-fall run smolts as surrogates for winter run: 
Can we verify that diversion of smolts from the mainstem Sacramento River into the interior Delite 
(via Georgiana Slough) reduces survival and determine to what magnitude? is it similar to that 
observed for fall run even though the late-fali run fish are larger and temperatures at this time are 
cooler? 


b) using fall run smolts in the San Joequin River and Delta: 
What is the survival of saimon smolts migrating down the San Joaquin River released at Mossdale 
and Dos Reis under high flow conditions? Can the benefits of a barrier at the head of Oid River 
be estimated (if one could be operated at high flows)? 





Cc) using fail run smoits in the Sacramento River and Delta: 
What is the survival of saimon smolts migrating from Sacramento to Chipps isiund during the 
spring of 1996 (high flow conditions) and how does it compare to survival in pest years? 


The survival index (8) is estimated by dividing the number of a particular tag group recovered by midwater 
trawi at Chipps isiand by the total number of that tag group released, corrected for the fraction of time and 
channel width sampled at Chipps isiand (USFWS, 1987). Although sometimes referred to as survival, this 
is actually only a reiative index of survival. Absolute survival can be estimated over a portion of the Delta 
by comparing relative survival estimates of two or more releases (upstream and downstream) made at the 
same time. 


Late-fall run experiments: 
Studies conducted with smoilt sized fall run fish have shown that smolts diverted into the central Delta 


exhibit lower survival than those that remain in the Sacramento River (USFWS, 1993, 1994 and 1995). 
These experiments have historically been conducted in April and May, when hatchery reared fall run 
chinook generally reach smoit size (>70mm), yet before river temperatures become too warm. Winter run, 
however, which are federally listed as endangered, experience relatively cool water temperatures in the 
Delta, and may be less vuinerabie to predation than fail run fish due to their larger size at the time of their 
outmigration. Late-fall run smolts have been used since 1993 as a more representative surrogate for 
winter run because of their similar (larger) size, and because overiap in their migration periods exposes 


them to cool water temperatures (< 60°F). 
Methods 
in 1996, groups of tagged iste-fail run smolts from Coleman National Fish Hatchery (CNFH) were released 


on the mainstem Sacramento River above the confluence with Georgiana Slough (at Courtland), directly 


into Georgiana Slough, and below the confluence with Georgiana Slough (at Ryde), on January 9, 10, and 
11, respectively (Figure 29). Recoveries were made at Chipps isiand and at the state and federal ssivage 
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facilities in the south Delta. in future years, recoveries will be made in the ocean fishery, and will provide 
an independent means of verification for these results. 


Survival to Chipps isiand: Similar to results of previous experiments using fail run smolts, survival index 
wes considerably better for fish using the mainstern Sacramento (Ryde releese, 0.66) than for those 
migrating through the central Delta (Georgiana Siough release, 0.17) as a pathway to the ocean (Tabie 7). 
As in pest years, this deta supports the hypothesis that like fall run, winter run experience lower survival 
rates when diverted into the central Delta, even though water temperatures are lower during their 
migration period. However, fish released at Courtland had the highest index of the three releases, at 
0.78. It is difficult to explain this result, given that these fish had to pess the mouth of Georgiana Siough, 
where presumably some fraction of the group would have been diverted into the central Delta, and this 
fraction should have experienced a lower survival rate similar to that of the Georgiana Siough group. 
These results suggest that perhaps only a small percentage of this releese group did migrate via 
Georgiana Siough or that sample variability resulted in a greater index. The Delta Cross Channel, which 
allows additional Sacramento River water into the central and western Delta, was closed for the protection 
of outmigrating winter run during the experiment, so that pathway into the interior Delta was not a factor. 
When the Delta Cross Channel gates are open, Sacramento River water is allowed an additional pathwey 
to the interior Delta, which can significantly increase Qwest, a calculated measure of lower San Joaquin 
River flow at Jersey Point. inversely, closure of these gates can restrict this Secramento River flow, and 
Qwest may be decreased as the net flow of water moving towards the pumps must come from the West 
San Joaquin River. This decrease may be particularly pronounced when south Delta export rates are 
high. Based on this and past CWT evidence of higher mortality rates of diverted smolts (USFWS, 1995), 
closure of the Cross Channei gates and measures to prevent smoits from entering Georgiana Slough 
should continue to be considered important components of the offorts to increase juvenile winter run 
Chinook saimon survival through the Delta. 


Table 7: Survival indices to Chipps island, expanded recoveries at the CVP and SWP fish saivage 


faciities, and total percent salvaged for iste-fall run CWT releases made in January 1996. 





release date and site release | Sve. size ruck fiver curvival | expended | expanded wel % 








number | strelesse | temp. (F) | temp. (F) | index CvP swe savaged 
Jan® Courtand 4,961 131 53 52 0.78 72 488 1.55% 
Jan 10 Georgiene Si. | 33,670 125 5 $2 0.17 180 588 2.28% 
danii Ryde 30.404 122 §2 51 0.66 12 0 0.04% 



































To make valid comparisons of results from one experiment to the next, we use the ratio of survival indices 


between the Georgiana Slough and Ryde groups. The Ryde groups provide a control or index of 
Secramento River survival under the environmental conditions present at the time, while the 


Georgiana Slough group then provides the survival of the fish relative to the Sacramento River group, 
which migrated via the interior Delta during the sarne period. Since the recovery period is the same, 
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variables such as trewi efficiency are factored out, and these ratios can be compared among years, even 
though factors such as environmental conditions may differ. The Georgiana Slough to Ryde ratio for the 
1996 late-fal run experiment falls within the range of those obtained for past experiments using late-fail 
fun fish and is very similar to the 1994 ratio, when the export to inflow (E/1) ratio was aiso very similar, but 
the cross channel gates were open (Tabie 8). 















































12/2/83 
""Wslease was made of sleton, isveam of Pyde. 
** This ratio is defined as combined CVP and exports over Sacramento River flow at Freeport 


Furthermore, the ratios alow us to compare results of similar studies conducted in the spring using fail run 
fish, as even the differences in raw! recovery efficiency due to the size differences of fall and laie-fail run 
test fish are factored out. Similer paired releases using fall run fish are shown in Table 9, snd surprisingly, 
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Recoveries at the SWP and CVP saivage tacilities: Average flow at Freeport was relatively high 
(33,880 cfs) following the releases, and average combined CVP and SWP exports aiso were high (11,370 
cfs). Although the percentages of the release recovered at the facilities were relatively iow, fish released 
into the Sacramento River at Ryde were entrained at the federal salvage facility; evidence that even under 
high outflow, Sacramento River chinook can be diverted into the interior and south Delta via either three 
mile slough or around Sherman isiand, at the confluence of the Sacramento and San Joaquin Rivers when 
exports also are very high. This is similar to dats from 1995, a yeer of extremely high outflow in which 
exports also were above 11,000 cfs, when high numbers of both Ryde and Georgiana Siough fish were 
savaged. 


As expected, more CWT saimon from the Georgiana Slough group (2.28%) showed up in salvage than 
from the Courtland release (1.55%), which in turn had more recoveries than from the Ryde release 
(0.04%)(Table 7). This indicates thet some Courtland fish did use Georgiana Siough as a pathway (or 
came through Three Mile Slough or the West San Joaquin River) which further makes the higher survival 
index of the Courtland group appear anomaious. However, this can be explained by the fact that unlike 
the Ryde group, recoveries of the Courtland fish extended into mid February, after trawling effort at Chipps 
island wes reduced. This inflates the index because the smaiiier the percentage of time sarmnpied, the 
smaiier the denominator of the survival equation. This extended recovery period is consistent with that of 
the Georgiana Slough group, which also obviousty traversed the interior Delta and therefore had a longer 
route to Chipps island. This suggests that the Georgiana Slough index aiso is somewhat inflated, relative 
to the Ryde index. 


Low survival of fail run chinook saimon smolts migrating via the central Delta reistive to that in the 
mainstem Sacramento is well docurnented and has been attributed in part to increased residence time 
associated with the longer Delta migration route and thus increased exposure to predation and the 
adverse effects of high weter temperature. Three years of iste-fall run experiments are beginning to 
document with some consistency that increased Delta residence is harmful to iate-fail run fish as weil. 
Despite cooler water temperatures and the presumed size-releted reduced vulnerability to predation, 
survival for juvenile tate-fail (and presumably winter run smolts) migrating through the central Delta vie 
Georgiana Slough (or the Delta Cross Channel when open) is less than for those migrating down the 
mainstem Sacramento River. This is supported in the ratios of the past three years, and this phenomenon 
may even be greater for iste-fail run (and therefore winter run) than for fail run fish. 


introduction 


Escapement in the San Joaquin River tributaries has fluctuated dramatically for many years with peak 
escapement values near 70,000 fish, but from 1969 to 1995, total besin esca pement has not exceeded 
10,000 fish (Figure 7). Relationships exist between escapement and production, and spring time flow and 
CVP/SWP exports 2 % years earlier, when respective year class outmigratics ©ccurs (California 
Department of Fish and Game, 1967 and United States Fish and Wildlife Service, 1991). As flows 
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increase and exports decresse, adult escapement and production increases. The most likely variabie 
responsible for the adult relationships is smoit survival. 


in general, results from various historical smolt survival experiments conducted in the South Deita indicate 
thet 1) survival to Chipps island for coded wire tagged smolts has become increasingly iow over the past 
7 years and similarly recovery of the tagged smoits at the CVP and SWP fish facilities has markedly 
decreased, 2) survival through the San Joequin Delta is much lower than thet experienced in the 
Sacramento Delta, and 3) survival down the mainstem San Joaquin River is generally greater (by about 
two fold) than that for smolts emigrating down upper Old River. The latter finding suggests that a full 
barrier at the heed of upper Old River during their migration could increase smoit survival and thus benefit 
the adult population. 


Recent mark and recapture experiments have attempted to evalusie the use of a temporary barrier at the 
heed of Old River as @ means to increase smolt survival. However, in 1992, water temperatures 
increased significantly after berrier installation, preventing an unbiased evaluation. in 1993 and 1995, 
direct evaluations were not possible because high river flows prevented berrier installation. And in 1994, 
afl survival indices were too low to infer a Giflerence attributable to the berrier. These complications in 
experimental conditions heave made benefits directly associated with berrier operation unquantifiabie. 
Based on date from previous Dos Reis vs. upper Old River CWT experiments (United States Fish and 
Widille Service, 1990), 2 is reasonable to expect that the barrier at the heed of Old River can benefit 
survivel under certain flow, export, and temperature conditions. 


Given this ieck of successful direct testing of the barrier, the objective of the 1996 south Delta study was 
to obtain replicates (et two different water temperatures) of indices of survival through the San Joaquin 
Delta with @ berrier in plece, under at least a 4:1 ratio of Vernalis flow to total CVP/SWP export. The 
hypotheses is that st any one level of export, flow and temperature, the berrier will increese survival. This 
1996 program is intended as the first in a five year series of annual studies designed to provide 
information on the benefits and impects of the heed of Upper Old River berrier to juvenile chinook survival. 


installation of a barrier et heed of Old River can only be physically performed when San Joaquin River 
flows are below 5,000 cfs. High flows in the winter of 1996 caused uncertainty about whether the berrier 
at the heed of upper Old River would be installed, so alternate study designs were developed for a berrier- 
in condition, @ no-berrier condition, and @ third condition in which a barrier would be in place for only pert 
of the evaluation period. The preferred option was to heve berrier construction completed by April 15, 
after which flows would be increased to the levels needed to provide a minimum 4:1 inflow/export ratio 
from Apri 15 through May 15. This is referred to as the “pulse flow’ period, and was the period over which 
smolt survival wes to be measured. 


As in many pest years, a barrier wes not in place for a my4ority of the study. installation was delayed until 
May 11 due to problems obtaining the required permits, then, five days ister, levee concems and flooding 
possibilities forced the berrier to be partially breached on May 16. Ongoing uncertainty about if and when 
the berrier might be reinstalled forced deviations in the alternate planned experimental design. 
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Ultimately, the core of the study consisted of maxing two sets of CWT fish releases in the San Joaquin 
River Delta during the pulse flow period. These core releases were made using fish from the Feather 
River Hatchery. The sites for the first set of releases were at Mossdaie (upstream of the head of Old 
River), on the San Joaquin River just upstream of Turner Cut (hereafter referred to as Turner Cut) and at 
Jersey Point, on April 15, 17 and 18, respectively (Figure 29). Conditions at this time included river 
temperatures of 59.5 - 63°F, combined exports of approximately 1500 cfs, and San Joaquin River flows of 
approximately 7,000 cfs st Vernalis (Figure 30). The second set of releases were made at Mossdaie, Dos 
Reis (downstream of the heed of Old River), Turmer Cut and Jersey Point on April 30, May 1, 2 and 3, 
respectively. Flow and export conditions remained similar but river temperatures were higher, at 63 - 70° 
F. To increase recovery numbers at Chipps isiand and minimize the effects of sampling variation, and 
thus improve confidence in our survival indices, release size wes increased from 50,000 to 100,000 fish at 
Mossdale and Dos Reis. 


Additional releases were made at Dos Reis on May 9 and May 16 (50,000 fish seach, \ scause of limited 
fish availability) to index survival with the barrier at low exports and with the partial barrier at higher 
exports and flows. Following the pulse flow period, exports increased to about 3,000 c/s on May 16 and 
increased again on May 21 to 8,300 cis. By May 26, combined exports had resumed t) pre-puise flow 
levels of greater than 10,00. cis. Meanwhile, San Joaquin River flow ramped up  amost 12,000 cfs 
between May 16 and May 24, then tapered off again after May 26 (Figure 30). Although releasing these 
groups at Mossdaie may have better represented survive! of natural smolts moving through the Delta with 
the barrier (or partia barrier) in place, the barrier was yet under constuction on May 9 and it was 
determined a clearver estimate of survival to evaluate a barrier-in condi‘ion would be obtained by releasing 
the fish downstream of the barrier site, st Dos Reis. Similarly, the May 16 release also was made at Dos 
Reis, which aiso allows a Cleaner direct comperison to the May 9 release group. 


In addition to the recoveries made in the trawi at Chipps isiand, fish were collected from saivage facilities 
associated with the SWP and CVP pumping plants in the south Delta. 


Results 
The first set of releases had survival indices of 0.02, 0.10 and 0.47 for Mossdale, Tumer Cut and Jersey 
Point, respectively. As expected, survival improved as the fish were released closer to Chipps isiand, but 
indices from both Mossdaie and Turner Cut were iow (Table 10). 
The second set of releeses had slightly lower survival indices of 0.01, 0.04 and 0.45 (Table 10). Although 


raw indices were slightly lower than for the first set, the trends between the releases within a set were 
similar. The index for the release at Dus Reis aiso was very low, at 0.02. 




























































































Figure 30. Flow at Vernalis and SWP and CVP export levels over the pulse flow period, 
Apr 15 - May 15, 1996. 
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There were no recoveries made at Chipps isiand from the releases made at Dos Reis on May 9 or May 16 
under the increased export condition (survival indices = 0.0), even though river temperatures remained 
fairty stable (Table 10). 


Table 10: Survival indices and expended SWP and CVP salvage numbers for releases made in the San 
Joaquin Delta in 1996. Also included are release numbers, everage smolt size st release, 
truck and river ternperstures st release, and total percent of release salvaged. 





Releess | Felsese | Merb | Average | Teck | River | Suva | pended | Eqended 



































Oates Sm Aelcsses | Soo | Term. | Ter. index Swe CvP ane 
Fah *) *) sovege | savege | savaged 
Aga tS | Mosedsle | 100,742 78 40.5 30.5 0.02 % 1088 1.08% 
Agai7? | TwnerCa %.103 7 52 eo 0.10 i) 12 0.02% 
Agate | JermeyPt | 90,061 78 50 @ 0.47 0 0 O% 
Aga 30 | Mosedste | 90,088 81 615 6 0.01 108 1332 1.44% 
May 1 Dos Reis | 98819 “ s2 e 0.02 0 0 O% 
Mey2 | TumerCa | 98.0273 Ls] 6, 70 0.04 0 2 0.02% 
May 3 Jersey Pt 90.820 t 2 $0.5 a 0.48 0 12 0.02% 
May | OocsRes | 50,168 rs) ss @0 0.00 8 0 0.02% 
Ae Dos Reis —— 51 e 0.00 ] 12 0.10% 


























The recovery numbers st Chipps isiand for the Mossdale releases were very low, as in previous recent 

yeers. This makes true differences in survival rates difficull to discem, given that at these low numbers, 

the influence of random sampling variation st Chipps isiand can be very large. it is of note that the truck 
temperature for the second release wes 61.5° F, which is higher then optimum to keep stress levels down 
during transport. 


A significant survival decrease appeered to occur at Turner Cut from the first release to the second, where 
we also observed 8 corresponding large increase in river tempe-ature Yom 63 to 70°F. it is unclear why 
river temperature wes so high at this location, but it may hew, contributed to the lower survival rate. 


Even with the controlied flow and low export conditiuns, the overall magnitude of the 1996 indices 
perpetuates the trend of very low survival in the Sa) Joequin Dvata over the previous seven years. 


Recoveries at the SWP and CVP saivage facilities: Expenda' numbe's of masked fish at the state 
(SWP) and federal (CVP) fish facilities were relatively iow in 1996 (Ta:e 10). As previously suggested, 
the larger numbers salvaged at the CVP from the Mosudale releases indicate that when there is no barrier 
at the heed of Old River, many San Joequin River s-1olts migrate vie Old River, a route which exposes 
them first to the CVP facility. Also, exports at the CVP were somewhat higher than at the SWP 











immediately following the Apri 15 relesse (Figure 30). Percentages of release salvaged of Turner Cut and 
Jersey Point groups were very low, ranging from 0% to 0.02%. Percentage of release salvaged of Dos 
Reis fish ranged from 0% up to 0.1%, after the pulse flow period and after exports had been increased to 
3000 cfs. These are very low percentages compared to those for some Dos Reis releases made in 
previous yeers such as 1967 (5.91%), 1969 (5.12%), and 1991 (6.92%). it appears that although in 1996 
the 4:1 inflow to export ratio may not have greatly improved survival rates to Chipps isiand, it may have 
helped reduce direct mortality of Dos Reis fish at the facilities, and probably similarty for fish released at 
Turner Cut. Note thet salvage numbers are not direct loss values which must account for predation losses 
in Clifton Court Forebey, losses at the screens, as well as other losses. 


Additional data from San Joequin River tributary releases: Low survival in the south Delta in 1996 
seers to be supported by the low recovery numbers at Chipps isiand from CWT releases made by the 
Department of Fish and Game in the San Joequin River tributaries using smolts from the Merced River 
Fish Facility (MRFF}. Similar to the Delta indices, indices for releases made in the upper and lower 
Merced and Tuolumne Rivers aiso were extremely low (Table 11). As with the Mossdale releases, higher 
saivege numbers at the CVP indicates these fish are using Old River as a pathway, which exposes them 
to the CVP facility first. 


Table 11: Survival indices, expanded SWP and CVP saivage nunbers, and % combined salvage for 
releases made in the San Joequin River tributaries «| 1996. Also included are releese 












































Evidence that the low indices were not the result of poor trawi efficiency at Chipps isiand comes from 
releases made with FRH smolts at Miller Park on the Sacramento River, on April 15 and May 6, where 
survival indices were 1.09 and 0.58, respectively. With the seemingly fevorabie flow and export 
conditions in 1996, it is unclear why South Delta and San Joaquin tributary survival was 80 low, but besed 
on the consistency of the indices, it does not appear to be 8 spurious result. 


Comparisons to 1995 Results: Whée water temperatures between 1995 and 1996 were sirmmiar, flows st 
Vernalis were much higher in 1995, ranging between 20,000 to 25,000 cfs, whereas they were in the 
6,000 to 7,000 cfs range in 1996. Exports too were somewhat higher in 1995, but still there existed a 5:1 
inflow to export ratio, versus the 4:1 ratio tested in 1996. 


Survival indices for releases made at Mossdale and Dos Reis in 1995 with Feather River stock were 
higher than siméaer releeses made “ 1996. However, direct comparisons of the rew survival indices can 
be misieeding because veriables such as flow conditions may influence traw| efficiency at Chipps island. 











Relative comparisons, using the ratio of survival indices within a release pair in which the fish are 
recovered concurrently, provide a velid way to compere differert relesses over time. This method factors 
out any change in efficiency of the recovery geer, assuming that the efficiency of the gear is the same for 
both gr ...s within the release pair. it aiso compensates for differences such as changos in water 
temperatures over time. Therefore, this cornparison can be better made by looking at the survivel ratios 
from Mossdaie or Dos Reis to Jersey Point which are estimates of absolute survival between release sites 
(Table 12). We did not see the much higher estimates of absolute survival than we did in 1995, rather, 
survival wes more similar to that seen in the early 1990's. Note, however, thet the 1995 ratios were ail 
calculated to 8 single denominator (Jersey Point, index 0.46). if this Jersey Point index wes artificially 
biased low it would raise ali the absolute survival estimates for 1995. 


Table 12: Survival ratios from Mossdaie to Jersey Point and Dos Reis to Jersey Point, 1969 -1996. 


1988 Apr 15 Mosedute_Jersey Pt 0.02 : 0.47 


















































0.06 
1998 Agr 30 Mossdate: Jersey Pt 0.01 : 0.35 0.03 
1908 May 1 Os ReisJersey Pt (FFU) 0.02 : 0.35 0.08 
1908 May 1 Cos ReisJersey Pt (RFF) 0.09 : 0.70 0.13 
1905 Agr 17 Mosedaie-Jersey Pt 0.22: 0.46 0.48 
1908 Agr 17 Dos RetsJersey Pt 0.15: 0.46 0.33 
1905 Mey 5 Mosedate-Jersey Pt 0.12: 0.46 0.28 
1905 May 5 Dos ReixJersey Pt 0.30 : 0.46 0.88 
1906 May 17 Mosedate-Jersey Pt 0.07 : 0.46 0.15 
1905 May 17 Dos Reis:Jersey 1 | 0.16: 0.46 | 0.38 
1904 Mosedate-Jersey Pt 0.0: 0.18 0.0 
1904 Mosedate-Jersey Pt 0.06 : 0.28 0.14 
1901 Dos Reis-Jersey Pt 0.16: 1.70 0.09 
1990 Dos Reis:Jersey Pt 0.04 : 0.61 0.07 
1990 Dos Rets-Jersey Pt 0.04 : 1.04 0.0% 
1980 Dos Rete:Jersey Pt 0.14: 0.88 0.16 
1980 Dos Rele-Jersey Pt 0.15 : 0.87 0.18 

















The higher survival seen *: 1995 between Mossdale and Chipps isiand could be pertially associated with 
the higher inflow/expo”. ratio of 5:1 (vs. 4:1 in 1996) but more likely reflects the much higher San Joequin 
River outflow in 1995. Effectively, the barrier was not in piece for elfher year. However, comparison of 
groups released et Dos Reis with those st Mossdale in 1905 estimate a 30 to 44 percent increase in 
survivel essocisted with the berrier, while such @ comparison of 1996 data indicates e 50 percent benefit, 
again taking into consideration the low confidence provided by the very low indices in 1996. This 
observation assumes that survival of the Dos Reis release groups fairty represent survival of the Mossdale 
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groups given @ berrier in place at Old River. This may indicate that the benefits of a barrier can be greater 
in years of lower outflow. 


Survival of San Joequin tributary releases: Simiar to the Delta releases, smolts released in the 
tributaries (Merced River stock) survived at higher leveis in 1995 than in 1996 (Table 13). The fact that 
the 1996 indices for the upper and lower Merced releases were the same (0.01) would indicate thet 
survival in the Merced wes sctually quite high (approeching 100%), and that the high mortality occurred 
downstream or in the Delta. it would appeer survival in the Tuclurnne was not as good as in the Merced in 
1996, but when indices ere this low, the influence of random sampling variation at Chipps isiand can be 
very large, making true differences difficull to resolve. However, percent combined salvage siso was 
much higher in 1995, indicating thet many more fish may have at least mete it to the Delta that year. 


Table 13: Survival indices and % salvaged for releases made in the San Joaquin River and tributaries in 
1995 and 1996. 



































Much uncertainty has occurred in the last few years regarding the permitting, design, and installation of a 
temporary berrier at the heed of upper Old River. if a standardized temporary berrier could be tested for 
several year: without changes in design and uncertainty regarding installation, essessment of the benefits 
and impects of a permanent berrier could be significantly improved. Releasing coded wire tag smolts at 
Mossdale, Dos Reis ard Jersey Point over man:; years (with and without a berrier) at various export and 
flow levels, using srr its from Merced River Fish Facility, would be a systematic approsch. Relesses at 
Mossdale allow indices of survival through the entire Sen Josquin Delta to be obtained. Additional 
releases at Dos Reis allow comperisons to be made with the Mossdale groups, to estimate absolute 
survival between Mossdale and Dos Reis and assess any loss associated with Upper Old River. if a 
complete berrier is present, the comperison between the Dos Reis and Mossdaile groups will test the 
assumption that losses between Mossdaie and Dos Reis are iow. These releases in conjunction with one 
made et Jersey Point provide a wey to estimate absolute survival between Mossdaie and Jersey Point and 
Dos Reis and Jersey -o8 Siniarty, a release at Port Chicago aliows absolute survival (between Jersey 
Point and Port Chicago) to b» estimated for the Jersey Point groups, vie recoveries in the ocean fishery. 


Special investigations 

Several new components were added to the study in 1996, designed to assess if results of pest 
experiments in the south Delta had been influenced by the use of out-of-basin fish (primary from Feather 
River Hatchery), and to identify release methods might be contributing to the poor survival observed in 
the south Delta in recent yeers. 
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Survival of Feather River Hatchery (FRH) vs. Merced River Fish Facility (MRFF) Stocks: in recent 
years, most CWT survival experiments in the San Josquin (south) Delta ‘ave been conducted using 
smolts from the Feather River Hatchery, located on the Feather ‘iver, a tributary of the Sacramento River 
(Figure 29). & has been hypothesized there may be an inherent survival disadvantage for smolts released 
outside of their besin of origin such as a negative pirysiciogical response to the foreign waters, or 
confusion nevigating out of the estuary. Thess factors may heve biesed previous results, and could 
explain the trend in recent years in which Sacramento Delta survival has been consistently higher then 
Sen Josquin Delta survival. 


in 1989, both stocks were released et Dos Reis and had very similar survival indicies. However, the 
releases were not made concurrently, with the MRFF group going out 12 days after the FRH group, into 
slighty higher river temperstures. Therefore, the recovery periods st Chipps isiand aiso were not the 
same. Furthermore, the FRH fish everaged 15mm larger than the somewhat undersized MRFF fish 


(Appendix 2), thus this may not have been an appropriste meesure of the difierence between the two 
stocks. 


in 1996, groups of distinctly coded fish from the MRFF were released coincidentally with the FRH fish at 
Dos Reis on May 1 and also at Jersey Point on May 3. Fish size was very similar for the two stocks 
released at Dos Reis, while at Jersey Point, the FRH stock wes the larger of the two by ten millimeters, 
and Absolute survival from Dos Reis to Jersey Point was then estimated by comparing differential survival 
to Chipps isiand for the Dos Reis and Jersey Point groups from eech hatchery. 


Rew survival indices of the MRFF release groups were 4.5 times higher et Dos Reis and 1.5 times higher 
at Jersey Point than for the corresponding FRH groups (Tat.e 14). More appropriately, absolute survival 
estimates from Dos Reis to Jersey Point was 0.04 for the FRH groups, and 0.13 for the MRFF groups. 
Although this is e threefold difference, it is not representative of the very large differences observed in 
recent years between Sacramento Delta and San Joaquin Delta survival, and therefore the use of FRH 
test fish in the south Delta probably does not by itself expiein these interbesin survival differences. 
atthough ft certainty may contribute to them. Swill, this indicates it may be prudent to use smolts from the 
MRFF for future south Delta experiments, sithough production at this small facility has been and will likely 
continue to be e limited source for test fish. However, more dual stock release experiments should be 
conducted in future yeers to verify this result. 
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Table 14: Stock comparison releeses at Dos Reis and Jersey Point. Average fish size, truck 
temperature and river tempersture are included. 

















Short Term Mortality Evaluation (Net Pen Studies): There is specuis’ion that recent iow survival 
estimates in the south) delta couid in part be attributable to the stressors associsted with loading, 
transporting and releasing CWT smolts. For example, as water must be kept cold during transport to 
minenize stress on the fish, these test fish typically experience temperature differences upon transfer from 
the colder water of the delivery truck to the warmer water of the river. These differences have been as 
greet as 16°F, although typically they are less than 12°F. An on-site net pen study was conducted to 
determine if these transport and release stressors have a significant and immediate (or short term) impact. 
on the survival of these fish. 


At Dos Reis on May |, during the reguiar CWT chinook release process, @ subsample of approximately 
200 fish from both the FRH group and the MRFF group were released directly intc seperate net pens. 
The MRFF release was delivered in two trucks, but the tag codes were mixed, so fish were taken from 
each truck and combined into a single pen. The remainder of the fish were released directly into the river 
as is normally done. The two pens were then moved a short distance upstream to avoid disturbances at 
the bost ramp, and submerged and anchored. A round the clock watch wes posted to insure that the fish 
were not disturbed. 


On May 3, after holding on site for 48 hours, the fish were inspected to assess general health, vigor and 
mortality. Additional observations were made on @ subsample (n=30) from each pen. These observations 
included the following general health indicators (as suggested by Scott Foott of the California/Nevada Fish 
Health Center of the U.S. Fish and Widiife Service): 


1) eyes - bulging or swelling of the eyes (dorsal view) 

2) color - anything diverting from the healthy condition of green with biack spots on the dorsal and silvery 
uses 

3) fin hemorrhaging - blood spots at the bese of fins 

4) scale loss - an estimation of the % scale joss, visible as darker splotches 

5) gill color - the operculum wes lifted and a vaiue of | through 5 was assigned to the color of the gill, 
where, 
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1 = white or grey 
2 = pink/ight red 
3 = cherry red 

4 = dark cherry red 
5 = beet red 


Fish were anesthetized two at a time to minimize stress prior to making the above observations. The 
remainder of the fish in the pens were noted for their level of vigor and mortalities were counted as they 
were dipnetted out of the net pen and released. 


In anticipation of higher river temperatures, the study wes repeated for the FRH release at Ocs Pies on: 
May 16 to see if the results may be temperature reisted. The following was done differently: 


1) Acontrol group of 30 fish were worked up for the above parameters immedia:~'y ser release. 

2) To allow more precision in determination of when any gross mortality may occur, the fish were checked 
more frequently by briefly raising the net pen out of the water and making s note of fish activity (or lack 
thereof). 

3) Water temperature was recorded several times each day. 


On May 6, to obtain a post-Delta migration assessment on the first Dos Reis group, an attempt wes made 
to perform a similar complement of observetions on these fish when recovered in the traw! at Chipps 
island. 


On May 1, the temperature of the river was measured at 63°F, and truck temperature of the Feather River 
Hatchery group was meesured at 52°F, providing an 11°F difference to evaluate for that stock. Using the 
same thermometer as was used for the river, temperatures from the Merced trucks were measured at 50°F 
and 55°F, yielding between a 4° - &°F temperature difference for the Merced fish. Measurements taken by 
hatchery truck drivers with personal thermometers gave conflicting data. The various temperatures 
recorded are listed in Table 15, but for this report the truck temperature taken with the same thermometer 
#s was used for the river will be considered as the most reliable. 


Table 15: Truck temperatures recorded with various thermometers at Dos Reis. The temperatures in bold 
were taken with the sare thermometer, and considered for analysis in this report. 





Release | River FRH Diff MRFF Diff. MRFF Diff. 


Date | temp | Truck | River-FRH | Truck’ | River-MRFF I Truck2 | River-MRFF 
ia TH iF) mH tr Tuc nO iF) Tuc 


May 1 63 52 1 8 





























May 16 62 51 11 
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Forty-eight hours after the May 1 release, Feather River fish were all vigorously active. Eyes were normal, 
with the exception of one fish which had one enlarged eye. Color cor:r.:'s appeared to be distinct 
(normal) and no fin hemorrhaging was observed. Scais loss ranged irom jess than 2% to 10% on one 
individual. Gill color was subjective, but in general ail fish gills looked healthy and were assigned a score of 
3 (18 fish) or 4 (12 fish). All plus counted fish (n=160) were observed to be vigorously active when netted 
out of the pen anc released. 


The Merced River stock was similarly vigorously active. Eyes on aii fish were normal, and color contrast 
was distinct (normal), with the exception of one individual who had an obvious traumatic injury on one side. 
This fish had high scale loss associaied with the injury and a faded red color to the gills which was 
assigned a 2 value. Ali other fish were observed to have a scale loss ranging from insignificant to 10% on 
one individual, and a score of 3 (18 fish) or 4 (11 fish) was assigned to gill color. Ali plus counted fish 
(n=176) were observed to be vigorously active when netted out of the pen and released. 


By May 16, river temperatures remained stable, and provided another 11°F temperature difference to 
evaluate. The control group worked up immedistely after the release had normal eyes, and no signs of fin 
hemorrhaging. All had distinct contrasts in coloration, except one individual which had faded dorsal 
pigmentation. Scale loss seemed somewhat higher than for the May 1 groups and ranged between 2% 
and 15%. Gill color was dark red and was assigned a 4 for ail fish in the subsample. All fish were 
vigorously active prior to being anesthetized. Because of the additional handling, these control fish were 
not held for the 48 hour evaiuation. 


Temperatures ranged between 60.5 and 62 degrees over the 48 hour holding period. No mortalities were 
observed during the periodic checks on the fish. 


After 48 hours, observations were again made on a subsample of the heid fish (n=30). All had normal 
eyes, distinct color contrasts, and no s\ns of fin hemorrhaging. Scale loss was observed to be much 
higher in this group, however, and was estimated to range from 2% to 30%. There may have been some 
additional scale loss associated with the daily checking of the fish for mortalities. Gill color was assigned a 
score of 3 (18 fish) or 4 (12 fish). All fish were vigorously active prior to being anesthetized. Ali remaining 
fish in the pen (n=162) were observed to be vigorously active when released. 


Discussion 


Although the FRH group experienced @ greater water temperature change when they were released (11°F) 
than did the MRFF counterpart (4 to 8°F) (Table 15), thie did not appear to effect the condition nor increase 
the mortality rate of the fish that were held for observation. The single observed mortality (MPFF group) 
after the 48 hour holding period had sustained a severe and apparently lethal handling injury. !t appears 
that “ternperature shock" of this magnitude and at these temperatures did not adversely affect the condition 
of these test fish, at least not within two days after release. It is possibile that after release, fish not 
protected within a net pen may be more vulnerable to predation for a period of time than those which have 
adapted fully to the surroundings, as a result of disorientation from the release process and/or temperature 
shock. However, in 1996, the largest temperature differential experienced by any release group was 15.5° 
(MRFF stock, Jersey Point), yet this group survived reasonably well at 0.72. 
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Physiological Evaluation: The general health indicators observed in the net pen evaluation study were 
only intended tc detect gross effects of disease and stress. To get more substantial data on the health and 
condition of these fish. physiological analyses were performed on an additional subset of fish from each 
hatchery released at Dos Reis on May 1, by fish pathologist staff from the California/Nevada Fish Health 
Center neer Anderson. 


Only a general summary of methods and results are presented here. A detailed report is provided by True, 
1996. Fish from both MRFF and FRH were examined for internal perasites, bacterium infections, 
triglyceride levels and stress glucose response. Organosomatic snalyses and ATPase assays were aiso 
performed. A set of 12 fish from each faciity were also assessed for osmoreguiatory ability. 


Both stocks were overall heelthy, and no significant differences were detected that may have affected in- 
Delta survival. Whie the perasite responsible for Proliferative Kidney Disease (PKX) was detected in the 
Merced River stock in an earty infection stage, it should not have affected short term (ie. through Delta) 
survival of this group. it should be noted however, that the development of this pathogen is progressive 
and may be a factor in adult survival of this stock (True, 1996). 


No receptures of the Dos Reis fish from either stock were made at Chipps isiand on May 6, so post- 
outmigration health enelyses wes not possible. 


An explanation for the observed survival differences between FRH and MRFF stocks was not apparent in 
the physiological health examination. Stil, to provide important information on the health and condition of 
the test smolts, it is recommended thet these studies be continued, and potentially expended to other key 
release sites as weil, such as Jersey Point. ; 


Turner Cut Diversion Rate: Delta hydrology changes when the barrier is placed at the head of Olid River. 
For example, for a given export, the volume of weter moving from the San Joaquin River into Turner Cut 
can increese, versus thet diverted under a no barrier condition. it may then be hypothesized that under this 
condition the number of smolts diverted into Turner Cut also may be increased, which, like Oid River, puts 
them on a peth towards the pumping plants. This effect could somewhat counteract, to some degree, the 
benefits of the upper Old River berrier to outmigrating San Joaquin basin smolts. The net benefit of the 
barrier to San Joaquin smoi’s in any given yeer may be better estimated if the percentage of smolts 
diverted into Turner Cut can be correlated to the flow spilt at that junction, which can already be determined 
(Rick Oltmann, personal communication). A pilot study was attempted in 1996 to estimate the percentage 
of smolts diverted from the mainstem San Joaquin River into Turner Cut. 
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This study utilized the 50,U00 CWT release group made on the San Joaquin River upstream: of Turner Cut 
on Apri 17 as test fish to estimate percent diverted into Turner Cut An intensive Kodiak trawling recovery 
effort was subsequently conducted in Turner Cut. To allow an expansion of recovered fish to percent 
diverted, trawi efficiency wes needed. To get this estimate, known numbers of spray dyed fish were 
released into Turner Cut near the confluence with the San Joaquin River. This was done at the beginning 
of the flood tide, during which DWR hydraulic modeis have determined that flows enter Turner Cut from the 
San Joaquin River. Conversely, flow moves out of Turner Cut into the San Joaquin River on ebb tides. 
The release timing was intended to allow maximum recovery time prior to the tidal shift. 


This stuysy met with logistical problems anc did not produce the desired results. The main probiem was 
that an estimate of trawi efficiency could not be obtained due to the prolonged length of time it took the test 
fish to pess the trew site. There is a strong tidal influence at Tumer Cut, such that while recovery of test 
fish was still occurring, there was a reversal in direction of flow in Turner Cut with the change in tide, and 
presumably, 2 reversal in the direction of fish movement. This may indicate that for any given smoilt 
moving down the San Joaquin River and diverted into Turner Cut, there may be significant tidal sioshing 
beck and forth, over which time a fish may come back to the San Joaquin River or continue down Turmer 
Cut, depending on the relative magnitudes of outflow, exports and tides. 


Eall run experiments: Sacramento River Delta 


in 1996, a multi-year study was begun to provide a beseline estimate of survival on the lower Sacramento 
River. Coded wire tagged chinook releases at Sacramento have been performed historically, but without 
interannual consistency. 


The objectives of the experiment were as follows: 


1) Compere Delta survival under the environmental conditions specified in the CALFED Bay Delta Accord 
agreement of 1994 to results of similar studies conducted in previous years during pre-accord conditions 
(Water Quality Control Pian, 1995). 


2) Obtain baseline smolt survival indices for the Delta (Sacramento to Chipps isiand). This estimation of 
Sacramento Delta survival may be important in the future to assess the vaiue/impact of specific actions 
taken in the northern Delta to improve conditions for fisheries. 


3) Assess potential impacts of the head of Oid River barrier on Sacramento River origin chinook by 


comparing recoveries of these fish at the fish salvage facilities to those recovered in experiments 
conducted in non-baerrier years. 
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4) Obtain date for improving chinook smoit survival models for the Delta. This results of this work are 
reported seperately and will not be discussed here. 


Unfortunstely, salvage numbers were insufficient for analysis as recovery numbers were very low during 
years when the Heed of Old River Barrier wes pieced and this study wes not completed. 


A series of CWT releases (n = 50,000) were made on the Sacramento River at Miller Park (river mile 57), 
on April 25 and May 6, to index survival over the typical outrnigration season of Sacramento River fail run 
smolts. in addition to 7 day per week trawling at Chipps isiand, recoveries of these fish would be 
monitored in salvage at the CVP and SWP fish facilities. 


The Delta Cross Channel gates were closed for the untire CWT recovery period (opened on Jurie 12), and 
combined CVP/SWP exports were moderate (6,000 cfs). 


The survival index of the first group wes 1.11, the highest we have obtained for a Miller Park release since 
we began using this release site in 1968 (Table 13). in fact, this is the highest index measured for any 
Secramento releese since 1962. The index for the second release wes roughly half as high es the first, at 
0.58. This could be attributable to the lower average flow at Secramento (~28,200 vs. ~20,000 cfs) and 
higher river temperature (57 vs. 65° F) for the first release. 


The May 6, 1996 index is very similar to the single Miler Park index obtained in 1995 (0.63). This is the 
case even though Sacramento River flows were much higher (~73,000 cfs) and the river temperature wes 
much lower for the 1995 experiment. As discussed in previous editions of this report, it is possible that 
trew efficiencies can change significantly under different outfiow conditions. Under the extremely high 
outfiow conditions that we hed in the spring of 1995, the efficiency of the trawi at Chipps isiand may have 
been reduced, which could result in a lower survival index. Ocean recoveries in future years will not have 
such biases associated with gear efficiency, and should provide an independent means of verification of 
the Chipps isiand indices (Brandes and Mclain, 2000). 


Other Miller Park releases in the 1990's heave yiekied indices ranging from 0.0 (no recoveries at Chipps 
island) in 1994, to the 1996 vaiue of 1.11 (Table 16). Both 1996 Miller Park indices were indeed much 
improved over those in 1994, a critical water year in which survival aiso was measured to be very low 
elsewhere in the Delta. Conditions were much poorer in 1994, with average Secramento River flows under 
10,000 cfs, and higher river temperatures (67 and 71° F). Furthermore, these high river temperatures 
combined with cool truck water during transport resulted in some of the more extreme temperature 
differences experienced by the test fish we have recorded (+15°F and +22°F). There appears to be a 
strong relationship between the temperature gap and the resulting survival index. When the temperature 
gap is 12°F or greater survival is typically low, &: 0.35 or less, with one exception in 1990 when it was quite 
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good at 0.85. Conversely, when the temperature gap is 9° F or less, survival is typically much better, at 
0.43 or higher (Table 16). Studies are needed to assess the effects of such temperature differences on the 
short term mortality of these test fish. A good relationship exists between river temperature and survival 
already, hence, the temperature gap relationship with survival may simply refiect this. 


Table 16: Historical releases at Miler Park (Sacramento) 1968-1996, water year type, truck water and 
river temperature at release, temperature difference and survival index. 










































































May 5, 1988 orece s4 a 

june 23, 1988 orice 35 1% +19 008 

june 1, 1980 ery 51 67 +16 0.16 

june 14, 1980 ay 58 70 +12 0.20 

May 7, 1980 crocs: 6 70 +14 0.85 

Agr 25, 1901 otece 54 Pr “8 0.78 

Agr 20, 1901 oiece 39 «2 “3 0.49 

Aer 23, 1963 | sbovencemal 53 oo a 0.63 

May 3, 1963 sove norma! 6 ae “6 0.43 
May 21, 1903 | stove normal 51 0 +14 0.35 

May 28, 1903 | above normal 38 e ” 0.75 

May 3, 1904 otc 82 67 +18 0.07 

May 24, 1904 omc rr 1 °22 0.00 

May 1, 1998 wet 90.5 $8.5 A 0.63 
| Agr 25, 1906 wt | “a s7 | *” ) 1.11 
| mye os |) owt SC CU]lll CT tess “7 | oss 
oper Sacramento River Releases: 


Approximately 270,000 CWT fish from Coleman National Fish Hatchery were released into Battie Creek in 
the upper Sacramento River basin on April 23. The survival index of this group to Chipps island was 0.44 
(Table 17). This is very comparable to the index for a similar release made on Apri 24, 1995, also a wet 
year, which had an index of 0.38. Battle Creek releases in March 1996 had somewhat lower indices at 
0.21 and 0.28, but the fish were considerably srmailer. Also, trawling effort at Chipps isiand was 
significantly less than 7 days/week in March, thus these indices are subject to higher variability. Water 
temperatures were not available for these releases, but are assumed to not have been warm enough to be 
detrimental to survival. 


69 








Table 17: Historical releases at Battle Creek, 1986-1996, water year type, number of fish released, 
average fork length and survival index to Chipps isiand. 



























































May 13, 1986 wet 53.502 as 0.82 
May 12, 1987 cece 51,708 a 018 
May 9, 1988 oece $1,923 eo 04 
May &, 1980 ory $1,074 r) 0.28 
May 11, 1990 cecal $1,080 80 0.17 
Agr 30, 1901 orcas 04,373 78 021 
Agr 14, 1902 oreces 157.828 = 0.12 
Agr 13, 1903 above norma: 50.078 72 0.73 
Agr 26, 1983 above normal 163,957 7? 0.68 
Agr 14, 1904 oreces 160.808 70" 0.13 
Agr 24, 1905 wet 182.187 a 0.38 
Mar 14, 1996 wot 296.384 6s 0.24 
| nerzo, 1908 | wet | wees | r) | 0.30 
| agrzs. 1008 | wet | 2aso =| 80 | 044 





* Average tength of three diferent combined tagged groups 


Other CWT Releases: A CWT release was made May 7 at Benicia, downstream of the Chipps isiand 
trawi location, to serve as @ control for many of the previously described delta experiments. Recoveries will 
be made in the ocean fishery in future years which will allow for an independent verification of the results of 
these experiments (Brandes and McLain, 2000). 


Other agencies and entities released CWT saimon in the spring of 1996. These included releases in the 


Mokelumne River and the Feather River at Yuba City. See Appendix 1 for indices of survival to Chipps 
island, calculated using our trawl recovery information. 
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6 1.14.2-142 Buckiey Cowe = 16-Apr-01 7 08,341 6 00012 0.063638 $348 6 1366 732 26 0 0355 
6-31-28 6 26 Guckiey Cove 8 =: 08-May-81 6 08.620 108 00011 0062022 6,101 0 1368 647 20 0.0236 
631.28 Jersey For 13-May-61 6’ 40,104 276 o00se 8 0.344396 16 630 0.1388 2,353 et 00378 
6-31.27 \. Moketwnne R. 08-May-81 o 45.706 2278 000se 860. 268304 12,313 0.1376 1 607 31 00163 
61-14-26 L Moketumne R 18-Apr-04 7° 47,200 43 0=— 00080): 0.178200 6.432 0.1300 1,179 79 0.0675 0.02687 
ieee Berate 22-May-00 64 62.446 243 © 0046 
$20 56 Bates Crees 11-May-60 83 51,068 3 0000s =. 0. 164821 6.417 0 1073 903 7 0.0076 
$-20-56 Ree Buel 12-they-00 82 $1 $33 33 oo0ee 8 8=66. 138208 7,122 0 0ne7 700 3 6 0043 











Appends |. Cont. 
mumbo: (By Rewase) By Year 
Remese Seon mute Ocoee nese Bowmen 0 ter wnt Tm or pees momen Trew teen Trew 
Teg eee Pemesy bee Owe Retesee (mm! Retmases Recor, Secor Sate & Chipps ts Chipga F aceon te capture Capwres E tcrency EM en, 
SEES EEE EEEES FEES EEESEEHE SHEESH ES FEEL EEEE FCESHEEEEEE FCHHEEEE SCHSEEEEEED SHHHEEEEE FCHHEEFEHEEE FEHEEEEHE CEEHEHEHEEE CHHHOHEEETE FHHEEEEEEEH COOH OOOEOE 
§-20-87 Princeton 14-bay-80 eo $2,077 12 00002 0048733 2 $90 0 1388 360 $ 00139 
6-31-16 Mier Part O7 bay 74 46 390 115 00024) 8=«68 $1 2018 24.620 0.1351 3.383 43 00128 
6-31-26 Ryde 08-May-60 7s 51.876 173 0 0033 0.718728 37.338 0.1347 $.030 67 00173 
6-31.21 Steamboe! Si WO May 80 o. $2,010 308 0 0061 Unusuady high recovery ‘sie - nol used in Caicuiation 
6-3'-23 Sutter Stough = =—_« 26-May-80 63 40,324 221 00045 0.967030 47 600 0 1360 $830 1” 0 0060 
6-31-22 Ryde 31-May-00 mM 60.637 216 00043 0925513 47 980 0.1375 6 469 67 00104 
6-1-14-1-108.11 Dos Rew G2-May-00 4 1063.§33 x 60003 8 8=60. 670877 7338 0 1388 1,018 ‘ 0 003% 
6-1-14-1-12813 U Otd River 03-tey-00 "7 103,595 " 0.0001 8§=©0.022817 2,374 0 1388 330 1 0 0036 
6-31-19 Jersey Pom 04-May-60 7 60,143 208 C0041 0 695280 44 662 0.1271 5,706 56 0 0008 
@-1-11-1-14816 U Teomumne Ww Ape 80 6s 63 655 i 00002 0.041482 3.685 0.1343 $22 4 0 0077 
6-1-11-2-142 
Pe @-1-14-1-546 U Ote River 17-Apr-80 72 106.267 4 0.0001 0 028434 3,022 0.1163 361 2 0 0087 
6-1-14-1-8 Jersey Pom 18-Apr-80 71 $2 962 224 0 0042 0 #128630 46.345 01206 6.266 32 0 0051 
6-1-14-1-748 Dos Res 16-Apr-60 72 106.742 23 00002 0 046645 4 064 0.12085 638 4 0 0063 
6-1-11-2-3006 L. Tuohumne 01 -bey-80 72 60.235 18 0 0002 0 046419 3.6865 0.1388 $40 1 0 0018 © 00772 
10a Port Chicago 16 Jun 08 82 46,329 382 0.0073 
§-.0-37 Botte Creat O6-Mey-€0 oe 61,074 63 00016 0.223122 11 306 0.1261 1438 13 0 0090 
5-20-38 RBOO 09 -Mey 06 70 62.677 2 00017 § §=©0.238700 12,631 0.1267 1 600 16 6.0112 
5-20-98 Princeton 10-May-69 72 $0 842 oo 00016 8 0.243044 $2,367 0.1124 1,388 27 0.0104 
6-31-11 Courtiang 02 -they-e8 s7 61,211 246 00048 86 640534 33,775 0.1383 4,671 46 0 0096 
6-31-12 Rrde O3-tMey-60 es 81,046 a7 80062 1.121604 Unusually high recovery rate - nol used in caiculetion 
6-31-10 Mier Perk 01-Jun-68 oe 62,812 60 00015 0.208771 10,004 0.1388 1.526 0 0059 
6-314 C ourtiond 02-Jun-69 02 50 659 4 0 9006 0.411120 6.620 6.1388 782 19 00243 
6-31-7 Ryde 02-2un-89 ae $0 601 62 00016 0.222495 11,260 0 1368 1 564 26 0.0166 











Agppends | Cont 
mute [By Retesse) @y Year 
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6-31-18417 M@e Pent 14-Jun-69 oo 4 604 be 0 0007 © 096686 8336 0.1235 1,963 20 Oowe 
6-1-14-1.3 Courtand 1S dur 66 61 90.720 wa 0 OG089 0.127128 11,633 01368 1,602 21 00131 
6ses5 
6-t-14-1-1 Steamboei S$) 13 dun 06 oe $1,237 71 ooo 0.190257 9.748 0.1388 1.364 $0 0 0368 
6-31-16 Sutter Savgh 13d dun 68 Lf) 48 762 181 000s 0 416624 20,732 0.1331 2.758 $7 00207 
6-1-14-1-2 Ryoe 16 Jun 08 Li) $1,134 10 © 0002 0 02685! 1,373 0 12686 176 e 0 0454 
6-31-44 Doe Res 20 Apr 68 6s §2 062 x Cc 9006 © 068141 4 668 6.1388 e4e 8 00123 
6-31-13 U Ot6 Rwe 21 Ap 68 61 $1,872 <M“ © 0007 0 100387 6.217 01388 728 $ 0 0069 
@-1-14-9-004812 Jersey Pos 24-Jun-08 70 $6816 100 0 0032 © 434676 24,714 @ 1386 3.422 $3 00155 
@-1-11-1-760613 Oost Res 02 Mey 08 70 76,073 76 0 06:0 6.140776 10.706 0 1266 1.355 1 0 0061 
61-11-1406 U Org Rwer O3 bey 06 70 74,341 iT) 0 0002 0 020550 2,197 0.1380 Mw) 4 0.0132 
86 14-0410 U Stometeus 10 Ap 66 7e 103.961 3% @ 0003 0 043506 4.531 0.1385 626 7 00112 
“NN 
oo o6-1.1  Stenetess 19 Apr 08 7 74.220 $e 0 0006 © 100143 6.101 oO 1386 1,126 17 00181 001645 
6-14-11 
6-312 Ryde OT thay 08 ae 63.238 1,325 00248 1 641267 $3,238 02778 14.780 145 0 0098 
e648 Port Chicago = 11417-May-8 me 106 016 1,443 0.0135 Ryde used 08 Control msteed of Por! Chicago or Bence 
6-16-42 Bena we 
6314 Port Cricego 29 tun 68 61 64,161 1,031 00180 Ryde used es Control msieed of Port Chicago of Bence 
5.18 39 Bowe ( eet 08 Mey 86 Ly 61.823 Jee 0 0076 0 $6808] 20,341 O2741 6.042 45 0 0056 
6-10-40 RBOD 10 May 88 a 62.706 467 0 0088 0 665378 4 601 02741 @ 484 37 0 0039 
6-10-41 Princeton 11 Mey 68 es 62,771 413 00078 0 Sree © 600 02724 63% a 0 0052 
66-14-2435 Cow tand 0} Mey 6 LY 107 249 t. tee Oo © 620729 06022 02747 24,177 184 0 0064 
6-31-1 Ryde 04 hey 68 oe 62,741 tere 0 0204 1 001632 62,741 0.2788 14,711 104 0.0071 
614-647 Mae ime OS they 08 7s 102,738 ‘096 0 010/ © 790432 61,206 02747 22,310 4. 0 0063 
06 14 485 C eur ttand 06 Mey 68 7 102 480 wie 0 O08! 0676726 69,351 02538 17,603 47 9 00n4 
6627 36460 Covctiand 2! won O08 67 106.80! 4,037 ‘9007 0716743 76.634 2778 21.345 39 600186 
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Appendix 1. Con’. 
Number (By Retease) (By Year) 
Release Sue at umber Ocean Ocean Survevat 8 turening Tne avasabie moumder Trawt Mean Trawi 
Tag Code Reiease Sue Oate Release (mm) Released Recov. Recov. Rate to Chipps to Crapps Fraction for capture Captureo Efficiency Efhciency 
SEES EESEEEEESe SESSEEEESEEEES SHHEESEEEES FEFFFEEEES SHEEFEEEESE SHEE EE SHEESH EHE SHECHEFESE FHEFHHHHEEES SEFEEEESEE FSHEFEEFSEEEES FHEEEEEEEEEE £4444 444444 £€4444¢44044044 
6-62-32 N. Fork Mok. 14-Jun-64 77 59.606 266 0 0044 0 593009 35.467 0 0933 3.308 24 0.0073 
6-48-22623 Thornton 22-Jun-84 77 95.090 78 0 0008 0.109474 10,490 0.1306 1,358 16 00118 0 00939 
1983 Port Chicago 23-May-83 62 43,374 128 0 0030 
6-60-36 & 37 Battie Creek 02-Jun-83 76 67.690 166 0.0019 0 642702 56,487 0 0676 3.819 25 0 0065 
6-60-32 & 33 Knights Landing 02-Jun-83 74 92.065 128 0.0014 0 467370 43,038 0.0796 3,434 76 00221 
6-60-34 & 35 Below RBDOD 02-Jun-83 76 69.641 92 0.0010 0.344313 30.933 0.0719 2.224 26 0.0117 
6-62-24 Courtland 16-May-93 78 96,706 428 0.0044 1.488093 Unusually high recovery rate - not used (\ caiculs*on 
6-62-23 isleton 20-May-83 61 92.693 368 00040 1.334675 Unusually high recovery rate - not used in calculation 
6-62-25 L.Mokeumne 17-May-83 79 63.435 270 0 0032 1068066 Unusually high recovery rate - nol used in caiculation 
6-62-26 Lower Old R. 17-May-63 60 69.500 99 0.0011 0.371922 33,287 0 0962 3,202 23 0.0072 0.00716 
= 
1e8s Port Chicago 17-May-62 63 66.677 762 0 0090 
6-60-26 & 27 Battie Creek 05-Jun-62 6c 64,702 750 00069 8=©0. 9863707 63,322 0 0676 5.649 64 0.0113 
6-60-26 & 29 Below REOD 05-May-82 62 68.125 729 0 00863 0.919023 80 969 0.0615 6.601 69 0.0105 
6-60-30 & 31 Knights Lending 05-May-62 61 69.275 699 0.0076 0.869652 77.656 0 0961 7,618 91 0.0119 
6-62-20 Discov. Park 11-taey-62 76 85.665 1,262 0.0149 1658322 Unusually high recovery rate - nol used in ceiculation 
6-62-18 Discov. Park 12-May-62 63 69,760 1,065 0.0121 1342605 Unusually high recovery rate - nol used in calculation 
6-62-21 Discov. Park 04-Jun-62 76 60,622 392 00064 0716017 43,550 0.1173 5,108 w»” 0 0059 
6-46-26 Dos Reis 24-Apr-82 67 48,227 $52 0.0114 1.271569 Unusually high recovery rate - noi used in calculation 
6-46-17 U. Merced River = 22-Apr-62 68 49,217 426 0.0087 0.966110 47,543 0 0806 3,630 19 0 0050 0 00496 
iss Port Chicago 08-Jun-61 90 76,339 2,196 0 0280 
5-5-58 Cayote Creek 08-May-61 82 11,031 155 = «0.0141 (0.801259 5,529 0.1389 768 1 0.0013 
5-5-57 Cayote Creek 13-May-81 06 10,623 177 00164 0.583407 6,314 0 1389 677 3 0.0034 
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Appendix 1. Cont. 
Number (By Release) (By Year) 
Release Swe at Number Ocean Ocean Survival 6 surviving Tme avaiable Number Trawl Mean Trawi 
Tag Code Reiease Sue Date Release (mm) Released Recov. Recov Reale to Chipps to Crapps Fraction tor capture Captured Eficiency E thcsency 
PERE EEEEEEEEEE FEEEEEEEEEEES FEFEEEEEEES FEEEEEEEE FEEEEEEEES SHEEEEE FERFEEEEE FHEEEEEEEE FEFEEEEEEEES FCEEEEEEEE SCHFEEEEEEES FEEEEEEEEESE FEFEEEEEEEE HEHEHE EOEEEE 
6-60-20 Knights Landing 16-Jun-61 77 43 059 175 0.0041 © 1449864 6.243 O.11t1 694 3 0 0043 
6-60-21 Knights Landing 18-Jun-61 77 43,562 246 0 0056 0 201453 8.776 0 0417 366 2 0.0055 
6-60-16 Battie Creek 16-May-81 60 86,213 261 0 0033 0.116273 10,024 0 0633 635 5 0 0060 
6-60-17 RBOD 16-May-81 79 64 987 394 0 0046 0.165421 14,055 0.0633 1,171 6 0 0066 
6-62-14417 Discovery Park 04-Jun-81 90 140,250 47 0.0003 0.011955 1,677 0.1111 186 1 0 0054 
6-56-23 Rio Vista 02-Jun-81 64 6 664 219 0 0247 0 661374 7,612 0.1194 933 gs 0 0096 0 00t\96 
6-62-98 6 12 Port Chicago 10 & 13-Jun-80 92 168,143 3.669 0.0216 
6-62-7 FR. Heichery 03-Jun-80 91 66.335 282 0 0033 0.151469 13,362 0.1356 1,614 1s 0 0063 
6-62-8 Discovery Park 03-Jun-80 66 96 586 951 00086 0.442075 43,562 0.1362 5,936 cD] 0 0057 
6-62-10 F.R. Heichery 05-Jun-60 90 66,516 497 0 0056 0.257315 22,777 0.1374 3,129 15 0 0048 
6-62-11 Discovery Park 05-Jun-80 90 64 643 676 0 0080 0 3670868 31,071 0.1361 4,228 33 0 0078 0 00665 
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Ctupps tsiand tag summary, survival calculations. expanded fish faciiity ecovenes and expanded ocean recovenes updaied through 1996 for coded wwe tagged fish recovered 1978 1996 





Appendu 2 
No ocean recovenes are reporied for 1996 
TRUCK RELEASE NUMBER AVERAGE FIRSTDAY LAST DAY MUMBER 
TAG CODE RELEASE SITE/STOCK DATE TE ME TEMP RELEASED SIZE @iM) RECOVERED RECOVERED RECOVERED 
1996 
Late-fall run releases 
Upper Sacramente River and Tributaries 
5-36-27 Battie Creek (CNFH) WA WA 61,790 122 12/20/1985 12/20/1995 2 155 
5-41-16 Battie Creek (CNFH) WA WA 64.794 116 12/26/1985 01/24/1996 3 3101 
Total 1100/1995 126 584 12/20/1985 01/24/1996 +) 3256 
5-41-07 Battie Creek (CNFH) WA NWA 77.196 123 12/20/1985 01/29/1996 17 4256 
5-41-08 Battie Creek (CNFH) N/A WA 63.616 126 12/26/1985 0201/1996 6 4701 
Total 12/08/1995 140.614 12/20/1985 0201/1996 23 4835 
5-34-16 Batte Creek (CNFH) WA WA 61,658 121 Ovliie8s OIS/iSe6 3 9027 
5-36-18 Batte Creek (CNFH) WA we 133,965 36 OW12/1996 03/26/1996 56 9927 
Total 0102/1996 195,643 OV111996 03/26/1996 67 10027 
5-41-17 Battie Creek (CNFH) WA N/A 67,737 143 Owl71996 03/21/1996 35 6526 
5-41-18 Battie Creek (CNFH) WA N/A 64 601 190 OWvi7/1906 0307/1996 16 6926 
5-41-08 Battie Creek (CNFH) WA N/A 66.931 132 01/14/1986 0304/1996 26 7126 
Tota! 0103/1996 201,469 Owieiees 03/21/1996 79 9126 
5-41-19 Battie Creek (CAFH) ovioriees = NA WA 67.076 114 01/21/1996 03/25/1996 13 7906 
5-36-28 Battle Creek (CNFH) oviwiess = NA N/A 65.457 127 O1/1er1986 03/21/1996 24 6106 
Sacramento-San Joaquin Estuary 
5-41-12 Courtland (CNFH) owes 8653 $2 34 961 131 0118/1906 02/13/1906 26 5340 
5-41-13 Georgiana Si (CNFH) owionees 8655 $2 33,670 125 Ovleie86 02/16/1996 5 4720 
5-41-14 Ryde (CNFH) owimiess = &2 51 W494 122 Ovl7ee6 01/27/1906 21 2160 
5-41-11 Port Chicago (CNFH) oviviees = NA NA 34 596 145 Owvl7nees 01/28/1906 20 . 
Fall nan releases 
Upper Sacramento River and Tributaries 
5-01-02-01-14 Balte Creek (CNFH) owieiees = NA WA 2705 304 €5 Ov29/1906 15/26/1996 62 9600 
5-01-02-01-15 Gatte Creek (CNFH) owv2e1e06 =8=6 N/A N/A 08 443 68 04/08/1906 05/27/1996 ou 6940 
6-01-14-05-13 Feather River (FRH) WA WA 51,641 BY) 04/17/1996 05/20/1906 27 6740 
6-01-14-05-14 Feather River (FRH) WA wa 57.529 se 04/30/1906 05/20/1906 29 4140 
6-01-14-05-15 Feather River (FRH) WA WA 50,724 se 04.20/1006 05/17/1906 22 3040 
6-01-14-06-05 Feather River (FRH) WA WA 63,612 8 O4/1s/1906 05/17/1906 32 6540 
Tots 0405/1996 213,706 04/15/1906 05/20/1996 110 7340 
501020201 Battle Creek (CNFH) o2yviees = NA NIA 268 960 80 0501/1986 06/26/1996 125 5540 
6-01-06-01-03 Feather River (FRH) osaaiees = N/A WA 100,933 60 05/08/1996 05/30/1996 57 4540 
6-01-14-06-01  Yube City (FRM) NWA WA 50 690 67 OS/19/1996 05/31/1996 58 2600 
6-01-1406-02 Yibe City (FRH) WA NA 51,610 67 OS/1e1906 05/31/1996 70 2600 
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EXPANDED 
TRUCK RELEASE NUMBER AVERAGE FIRSTOAY LASTOAY NUMBER MINUTES PERCENT SURVIVAL GROUP SALVAGE NUMBERS 
TaG CODE RELEASE SITE/STOCK OATE Teme = TEMP = RELEASED «= SWE (Ml), RECOVERED RECOVERED RECOVERED FISHED SAMPLED WOEX SURVIVAL CVP Swe 
601-14-06-03 Yube City (FRH) WA WA $1,300 67 osrieriese 0530/1006 67 200~—Cis«C. 1389 122 0 ts) 
6-01-14-06-04 Yube Clty (FRH) WA WA 50,371 67 OS/1G1986 0603/1906 53 27650=— «0.11988 i“ 0 (+) 
Tots! 05/15/1996 204,171 os/ie/1ee6 0607/1006 248 2760 01198 1.32 
Sacramento-Sen Joaquin Estuary 
6-1-43-1-7 Woodbridge Dem (MOK) O4/10/1986 WIA wa 3,882 93 OSs2y1908 05/23/1906 1 200 0 1309 024 0 0 
6-1-14-5-5 Turner Cut (FRM) 04/17/1996 52 63 50.103 79 OeG0/1006 05/15/1906 5 3140 0.1363 0.10 12 0 
60106-0108 Miler Park (FRH) os25/1906 = 48 $7 49,706 61 04/30/1906 05/16/1906 se 3600 ss O.1384 11 t) 0 
6-01-06-02-02 Miler Par (FRH) oseeriees 86st 6s 49,68) 63 os/rov1ees 05/27/1906 »” 277400=—s «0.1358 ose 12 0 
6-01-06-01-11 Tumer Cul (FRH) 6 70 48,100 62 oserie86 05/13/1906 3 940 0.1306 006 12 0 
601-06-01-12 Tumer Cul (RH) 62 70 49,923 64 Os/11/1906 05/11/1906 1 160 0.1260 002 12 0 
Totsi 05/02/1996 96,023 osme1e8s O6/11908 4 oo 0.1306 004 
6-1-1454 Benicte (FRH) 05/07/1996 $i 66 51.208 ae os/11/1906 06/16/1006 2 - 0 0 
602-16 Moketumne (MOK) NIA MIA 40 006 9 GS/20/19868 0601906 14 2860 0.1165 0.31 0 24 
602-17 Moketumine (MOK) MA WA $2,123 3) 06/20/1906 05/25/‘ 008 "1 1200 «= «O.1388 020 0 C 
Tot 05/15/1906 102.069 05/20/1906 0603/1996 28 25000— «0.1185 027 
6-02-20 Moketu.nne (MOK) wa NWA $2,382 ‘07 osme/iees 0600/1996 1 200 C1389 002 12 () 
6-02-21 Moketumne (MOK) WA NWA 52.205 102 0606/'996 0608/1906 1 200 0.1388 002 0 ‘4 
Tots! 06/04/1996 104 567 0606/1906 00/08/1906 2 200 0.1380 002 
6-01-06-01-14 Mossdsie (FRM) os 85 49.024 78 . . ° . . 480 32 
60103-01-15 Mossdele (FRH) aos 505 51,7168 78 04/25/1996 04/27/1006 2 600 01386 006 $76 2 
Tow 04/16/1996 190,742 06/25/1908 04/27/1906 2 600 0.1388 002 
64106-01-13 Jersey Point (FRH) onesie 8 62 50.041 78 04/21/1988 0603/1908 2s 6x00 0=Sss« 0.130 050 0 0 
6-01-06-02-01 Mossdele (FRH) o15 64 50 462 6 0607/1086 0507/1006 1 200 0.1380 002 $52 70 
6-0106-02-05 Mosesdsle (FRH) 6156 a 49 106 61 ° . 0 “ 780 % 
Tow! 04/30/1996 99 656 oso7/e88 0507/1006 1 200 0 1380 0.01 
60106-0203 Dos Reis (FRH) $2 63 49 668 63 osmeiees 06/23/1908 2 270400 ss«O0. 1381 004 0 0 
6-01-06-01-10 Dos Reis (FRH) $2 63 46,770 Lr Osiiv1e88 06/11/1008 1 160 0.1280 002 ° 0 
Tots! 0601/1996 96.619 OsMer1908 056/21908 2 20 0— «0.1381 002 
601-11-04-12 Dos Rete (MRFF) $7 63 25.530 aA osmeiees 06/10/1006 2 600 0.1300 007 0 0 
6-01-11404-13 Dos Reis (MRFF) 87 63 20,079 Lo) 0806/1906 0607/1906 2 @00 0.1999 007 0 0 
6-01-1104-14 Dos Rete (MRFF) 87 63 18 459 Be 0606/1906 06/06/1906 1 200 0.1308 005 () 0 
6-01-11-04-15 Dos Reis (MRFF) $7 63 3¢ 683 ne 0s0e/1908 06/12/1908 8 980 0.1381 0.13 0 0 
Tots 050 1/1996 107 981 oss/1e06 06/12/1988 10 680 0=s( 0.4372 008 
6-01-06-01-08 Jersey Point (FRM) ososxiees = —sé61 4 50.620 67 osmeiess os/ie/i9R6 2 27400=—ss«0.1388 Osi 12 to) 
6-01-1105-01 Jersey Point (MRFF) oaxviees 860680 66 $1,737 17 0805/1996 06/22/1908 ” 4008 0.72 0 0 
60106-0206 Dos Reis (FRH) ones 4 oo SO 168 . 0 ) . 
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PRSTOAY LAST DAY PERCENT SURVIVAL 
RECOVERED RECOVERED SAMPLED )6« HOEK 
97 05/22/1986 05/20/1006 1600 01309 162 
90 0621/1906 05/30/1006 2000 0.1389 191 
0521/1986 05/30/1906 2000S s« 0 388 
Upper Merced (MRF F ) 60 . - 0 . . 
Upper Merced (MRF F ) 60 . . 0 . . 
Upper Merced (MRF F) 60 0506/1996 05/06/1996 1 200 0 1388 004 
Upper Merced (MRF Ff) Cs) ° ° 0 . ° 
0506/1986 05/06/1996 1 200 01309 
Lowe: Merced (MRFF) $3 . . 0 . . 
Lower Merced (MRF F) $3 0505/1086 05/05/1906 1 200 0.1388 004 
Lower Merced (MRF F) $3 . . 0 . . 
05051986 0505/1906 1 200 0.1389 
Upper Tuotumnne (MRE F ) Cy cy ° ° ° . . 
Upper Tuoturnne (MRE F ) wa ae 0502/1996 05/06/1996 2 10000Ct:s«t 008 
Upper Tuctumne (MRE F ) NWA ae 0506/1998 0506/1996 ‘ 2000s tee 
os02/1906 0506/1906 3 1000 01389 
Upper Tuctumne (MRFF) wa go 0802/1888 0602/1906 1 200 0 1309 004 
Upper Tuotumne (MRFF) WA 90 0601/1908 0506/1908 3 60006=0(s« 1388 010 
90 0601/1908 0508/1008 ‘4 6000—C's«O 388 
wa WA 12ers. §=601/21/1985 9 35 )0— 1246 022 
WA Ly 1222/1904 01/26/1005 27 603. 0.1197 oa? 
Bette Creet (CNFH) wa hea Owvlwiees OMoWIeeS 4 6797 0 0908 ox 
Bette Creet (CNFH) we NA Owlwiees O17/1086 a 7e280——s« 24 080 
WA Ne Owlwiees 0407/1906 MM 9228 0=—( 0. 0737 047 
Ovli1e8S 0407/1906 12 9228 0=— 0. 07307 
Bette Crees (CNFH) Ly Ly Ovleriees 0308/1005 20 5797 0 0805 051 
Georgians Si (CNFH) wa wa tarieri@e4 §601706/1905 0 1053 ow 
wa wa taniwieee 0103/1005 s7e) = «22 057 
NA wa Owlaiees 01/16/1005 o000C's«CéO 1388 008 
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EXPANDED 
SALVAGE NUMBEFS 
12 % 
0 0 
0 0 
% ' 
12 ? 
144 0 
96 1 
% 3 
72 1 
144 8 
168 19 
64 . 
132 26 
156 13 
204 2 
“ $$ 
60 165 
12 so 
% 427 
6 137 
12 “4 
oT) 9 
0 6 
120 "7 


27 











TRUCK MELEASE 

TaG CODE RELEASE SITESTOCK ate ™ vow 

6-25-24 tsieton (CNF H) o1osiess) = (AA mea 

Ea nan reteasen 

Upper Sacramento Rive: aad Tributaries 

6-1-1-124 Betow RBOO (CNFH) LL Ly 

$-1-1-12-+5 Betow RBOO (CNFH) wa Lay 
Tow Oyi0r1985 

61414 Feate Rive: Hatchery ae so 

614145 $ eate: River Hatchery «e so 

61414 beat Rive Hatchery ae so 

6141-7 Feathe Rive Hatchery cr) sO 
To. 04041995 

6-1-1-124 Bette Crees (CNFH) we Ly 

$-1-1-12-7 Bette Creat (CNFH) wa wa 

§-1-1-124 Bette Crees (CHF IH) Ly we 
Tow 0424/1985 

626-26 Yume City Ramp (F RH) we we 

626-27 Yube City Ramp (FRH) we wa 

626-28 Yube City Ramo (F RH) Ly wa 

625-29 Yube City Ramp (FRM) Ly wa 

OS/18/1905 
Soc remento-San Jooquim Estuary 

6434) \ Maketurnne (MOK) ores =6—6A wa 

646348 \ Mokelumne (MOK) vonage = MA wa 

61.1461 bossdate (F RH) 61 7 

6-1-144-14 Mosedete (FRH) $1 67 
Tow 04/17/1006 

61-144-12 Oos Reis (FRH) cannes = = 8 87 

62-11 New Hope | ending (MOm) we wa 

62-12 New Hape | ending (MOn) ee wa 
Tow 04/18/1905 

6-1-14-4-13 = Jersey Po (FP) oneness = Ld 

62.13 Mew Hape | ending (MOm ) Lay we 

#2-14 New Haye | ending (MOm) wa ay 
Tow 04/26/1005 

6-1-14-6-2 Ryde (F RH) 0501/1095 67 Ne 








peaus cabs EEGs BS: 


e bE § SEE § G58 5 i 


S335 


ee 
aad TAD idk 
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5 823 8 88% © Besse + 


SSSUS SEBS Sessse SEE 


S8sa FIER S882 F 
é z 392 


oO 1388 


01331 
01337 
01s) 
01s} 
01381 
0.4311 
0 1326 
0.1328 





oa? 





1213 
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aon Cones 
61.1446) Miter Pet (Rit) 0671/1085 
631-80 tvesdate (F RH) 
6-31-51 bossdane F RH 

a) 05005) 985 
631-47 Dos Rets (F&I) 05S 904 
61 146-54 Mossdaie (F RH) 
«3148 bossdete F RH) 

ea fe ARsAL J 
621-49 Dos Res (FRM) Os 7/1085 
62-9 Thornton (MOR) Oars 985 
620-12 Rodeo (F RM) 
6-203) Rodeo (F RH) 

Tow 06/16" 985 

Upper Sen Jooquir Rive and 'r@utertes 

6467) Merced hetichey 
646.24 Merced hetchey 
646 25 terres hethery 

Tom wine 
61.2-1-11 Merced hethey lal Al} 
6 1.2-1-12 Merced hetchery 
2-46-22 Merced hetcnhey 

\ om 112@/1006 
61-10-41 Uppe Merced (MRFF) 
61-1142 Uppe Merced (MRFF) 
61-1143 Uppe Merced (MRF F) 
61.1144 Upper Merced (MRF F) 

a) 080 )' 985 
61-1144 Lower Merced (MRF F) 
61-1144 Lower Merced (MAFF) 
6-1-1147 Lower Merced (MFFF) 

0604) 994 

61-11.3-11 Upper Tuctumne (MAFF) 
61-11-3-12 Upper Tuchenne (MRFF) 
61-11.3-13 Upper Tuctunne (MRFF) 

Tom 0404/1 994 
61-11-3-14 Lower Tusturne (MAFF) 
61-11.3-16 Lower Tuchenne (MAFF) 

‘ot 060% | 994 








Tevce ME. £45 8 eeRer wvenect «= PRET OAT LAST Oar 
__TeMP Tar RELEASED SEE GH RECOVERED RECOVERED mECOVE 
ss 6s $0 282 Osme188S 0621/1085 ww 
“ e $2297 » OS 21088 0S2</1805 ot) 
“ e x 288 ss] OS/12/1885 0802/1005 3 
102 S82 OS2/088 0802/1905 13 
© 63 S208" A] Os188s OMOT/IeRS 2 
% 63 $2,703 06201005 052871005 1 
x“ 63 $1,422 A] 0621/1988 062871005 7 
104.125 Os2v1e8s CS2ErIE8S . 
” Lo $1 68s ”7 OS231985 0602/1985 . 
Ly Ly 91,787 100 OS '988 08/25/1905 % 
wa we 147 016 Ly . © 
Li wa 130 44) we . ° 
287 2798 
ue we 7 Sas 100 \ananeee ‘t2arneee ' 
wa LL 10,021 (Ae . . . 
we wa * B04 10 tareree § ‘aration 1 
26.611 tantarreee §‘tarrerieee 2 
—_— 6 hUMA «0 n09 160 tarorieee «ON iviees s 
“~— 6 CUM am) 10 tanereee 01/24/1006 + 
~ 6 CUM * @00 a] tarrevieee §=2rverieee ' 
5684) tanvereee § o12esieus 8 
$1 $1 28.48 me 0500985 05/278) 905 s 
$1 $1 27 98 me OS21088 OB wiees 3 
8 8 28.690 me 0628/1008 08/12/1008 ‘ 
1 81 2138 Me 067231008 0606/1908 ‘ 
111287 csmerees cs/a1888 e 
"1 . 27.38 a 0621/1085 0801905 ? 
6 “ 27 643 a 0621/1008 (eteriees “ 
70 086 a 0820/1008 C8/2B1808 ? 
62.018 0620008 0Bter1ees * 
st ae 70 ose - O6n1e88 OB Iees . 
61 a 27.132 ” 0821/1085 06/26/1908 e 
8 a 78.447 al 06201005 08/14/1905 . 
63.847 OSA vies CB2t/ E85 22 
a $1 28 007 ~ 0818005 0808/1005 ‘ 
“ 8 27.20 ~~ 0620/1005 06/26/1905 ? 
53.208 OS e085 06/28/1005 12 


di & S893 949 FUUZ 822 F 2-2 
: s gs: 


0.1212 
0 1388 
01712 


0.1331 
oven 
01300 
o's 
01386 


01388 
0.1911 
o1me 
9.191 





EXPANDED ExPAMOED 
SuRvNAL «GROUP SALVAGE NUMBERS OCtAN 
063 12 © 743 
ow 1 20 178 
008 $40 “4 166 
012 
on e) ie) we 
002 720 ae 197 
6.13 7. 62 1 
007 
ow 12 ° 20 
033 ie} id 213 
° © 627 
id ° 1687 
012 282 10 22 
ne Load 23 
om" 2 #2 21 
007 
01" 2088 ses 136 
008 6e0 aor cad 
012 198 a 
008 
ov 312 108 228 
00 240 146 192 
on sec 193 128 
020 a 17 196 
ow 
O22 31” 1s 2 
om we 128 w7 
023 wae 180 71 
020 
Aa? sve 472 276 
022 sae 20 327 
om 612 274 ‘Me 
0% 
ow ane one ws 
078 Lal 207 2% 
O27 

















Appeniia 2 Continued 
EXPANDED EXPANDED 
TRUCK RELEASE saepER AVERAGE «6PESTOAY «€6LASTOAY) 6(‘AER 0 606MRUTES PERCENT SUVIVAL «GROUP «6SALVAGENMUAMERS) 806 OCEAN 
Ta@ CODE RELEASE SITESTOCK bare Top =O TEMP RELEASED) «=6s SEE OC RECOVERED RECOVERED RECOVERED FUXED SAMMLED SEK SUTWWAL CWP SwP §6RECOVERES 
1994 
Upper Secremente River and Titeuterios 
5-33-16 Bette Crest (CMF H) bea been 82 604 128 ovleiess cwiernes 6 6366 0 0620 0 se “a 2 273 
§-33-17 Gelte Crack (CHFH) we bee $6,231 122 . - ) - - 12 4 16 
5MS Bette Crock (CHFH) A, besa 67 045 MM 1410s =6GaMeertes "1 3680S 6 84 o™M xu 8 27 
5-48 Belle Crock (CNFH) Pai A 72.238 130 1811084 c2a2s1e84 8 72 0.0631 023 “a 4 217 
Tom o18y1004 248,008 owerress cwleress M $366 0 0620 029 
5-34-11 Bette Creek (CNFH) bes, iA 76,5068 124 o18171004 on0e1ee4 7 33608 @ 0614 6.18 24 2 180 
5-34-12 @Gstte Creek (CNFH) aA bas me 129 G2e21ees oyie1sed 6 3068 0.0611 e168 24 16 221 
§-M-12 Galfe Cresh (CNFH) ee Cs 76,661 138 e12zeriess ower/ies 2 3382 0 0668 oe LS 18 466 
6-34-14 Galle Creek (CNFH) be DA 06.000 128 e2e2ies cazwien 8 1962 0.0618 010 24 12 227 
Tom! o1e61604 282.570 e12zeiess cwler1ee ww oye 0 0606 028 
5-34-16 Bette Crock (CNFH) pad. bea 64 248 123 e12e710084 Gwlé/1e84 13 se 0=s «Gs os3 144 3 220 
5-34-10 Bathe Crock (CNFH) bow wa 73,682 127 e2e7ness cwieies 7 3171 0 06e6 021 ° 5 145 
Tou 0106/1804 128,130 e1zenees Gwis/1e84 » wees 0 0666 036 
Becremente-Ban Jooquin Estuary 
4 645-21 Geargiene 31. (CHF) 12earess )0=— MA bee s6808 119 tantarvess §aaeeiees 8 © cess 028 160 7° 79 
645-22 Ryde (CMFH) 12earnees = A bea 4829 120 12@eess § awle1ee vy 06630 «66.8728 190 0 10 
$-34-17 Caton Court F. (CHFH) 12eaees )6= A WA 12,900 124 1211083 (1200/1083 4 1607 0.1232 033 ° 3 16 
Fall nen refesees 
Upper Secramente River and Tributaries 
6141-1 Feather Paver (FRIH) owen 8 68 wa 103.668 61 ewleriee< o6merie04 6 4314 0.1362 00s ° 0 168 
5-1-1808 Below RBOO (CNFH) bua me 64,191 as ee2g1e84 04/20/1004 2 ee 003 () (') 24 
61-108 Below RBOO (CMF IH) ah bat 67 064 46 ceases G4aeien 3 1200 0.1380 006 ) 0 62 
Tow eyreriees 199,276 eezyiess cczeriee 8 7000—CsC«C. 4988 004 
6-34-27 Cotermnan (CHF H) bea maa 64 682 -“ 04/20/1804 0601/1604 2 @0o0 6.1380 003 ° 0 138 
5-34-28 Coteman (CHF H) peta ba 63,430 71 04/20/1804 06/00/1004 8 7200 6.1380 0.4 0 ° 251 
6-34-20 Coteman (CNFH) a A 62.483 7 ee2e1ee4 0600/1004 12 sco 0C «0.1308 621 0 t) ae 
Tow! oe1a/1004 160,806 0424/1904 05/08/1904 2 sco 0OsC«6. 4388 6.13 
6141-2 Feather River (FRH) aan 868 A 100,377 61 osriesieee 06/14/1004 1 200 0.13980 oot 0 (+) 97 
Secramente-Gon Joogquin Eoteery 
6-67-42 Moheheene River @40K) 461071871083 A wa 62.388 15 iviervees §611/0er1883 200 0.1388 006 42 67 271 
6-57-43 Mohehamne Fiver (40K) 1072071083 NA bua 62 308 1% 11@ertes3 «611/10/1083 2 «00 0.13808 004 124 60 Me 
@1-14-3-14 Lower Old River (FRM) owen 6&6 @2 60,032 74 - . 0 . - Oe 10 3 
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EXPANDEO EXPANDED 
TRUCK RELEASE MUMBER AVERAGE FIRSTOAY LASTOAY NUMBER MBQUTES PERCENT SURVIVAL GROUP SALVAGE NUMBERS OCEAN 
TA@ CODE RELEASE SITESTOCK OATE Temp = TEMP RELEASED «= SXZE 0M) «RECOVERED RECOVERED RECOVERED FISHED SAMPLED BDEX SURVIVAL CVP Swe RECOVERES 
6-1-143-15 Mossdsle (RH) 04/1 1/1804 63 51.064 74 - - 0 - - 648 97 62 
6-1-14-4-1 Ryde (FRH) 04/12/1804 to] 63 61,619 76 O4/1Q/1004 0501/1904 1 2600 0.1368 020 0 0 375 
6-1-14-4-2 Georgiens Si (F RH) 04/12/1804 $5 62 $1,488 77 04/20/1804 04/25/1904 3 1200 0 1368 0.05 0 ° 214 
6-1-14-4-3 Jersey Poi (F RH) owlwiees 67 oa $0,689 72 047241904 0603/1904 10 2200 0.1368 0.18 12 4 410 
61-14-44 Ryde (FRH) 04/26/1804 & 62 56,1308 76 04/27/1904 06/11/1904 10 3000 0 1380 0.17 0 0 664 
6-1-14-4-7 Georgians Si. (FRIH) 04/26/1904 53 62 60,236 73 0641804 05/20/1904 6 3600 0.1380 0.11 0 0 181 
61-14-45 Lower Otd River (F RH) oszenees 8s Gt a 50,258 76 - - 0 - - 72 11 5 
6-1-14-4-4 Mosedate (wiberter) (FRH) 04/26/1804 4g 60 $0.726 77 O6/11/1904 O6/14/1006 2 @00 0.1388 0.04 0 0 67 
6-1-1448 Jersey Point (F RH) 627/604 61 tx) 53.810 78 eB21004 =06/22/1904 6 4200 0.1388 026 0 9 748 
6-31-41 Mosedate (utbemter) (FRH) 0602/1804 53 os 51,632 e - . () - - 12 24 40 
6-31-42 Miler Part (F RH) ean 62 67 63,232 “oo 0607/1004 06/15/1004 4 1000 (iC0.1388 S07 (+) (1) 219 
6-25-17 Benecte (F RH) 0604/1804 102,901 ss - - ) - - 0 0 3341 
6-31-43 Mosedate (atbanter) FRM) O60er18e4 8 61 as $3,680 _ 06/22/1804 06/22/1904 1 200 01308 86002 0 13 31 
6486-3 New Hrpe Landing (MOK) UA a 63,608 e7 06/16/1804 06/26/1004 6 2340 0.1384 0.00 0 13 138 
648-4 New Hope Landing (MOK) buA 6 48.064 2 06/16/1004 06/31/1004 @ 3340 0 13864 0.11 12 19 169 
Tom 08/10/1806 103,470 Gavig/1904 06/31/1004 "1 3100 0.1201 0.11 
648° New Hope Landing (MOK) MWA 67 61,314 e7 G6/2a7TNG84 06/31/1006 ® 1000 0.1380 0106 0 0 368 
640-2 New Hape | snding (MOK) bua e7 61,416 _ e627/004 came/ien4 7 2200 «= «6.1388 0168 () 2 355 
Tow! 06/271904 102,732 oe27/ee4 cane/iee4 8 2200«=— «6.1388 0.17 
631-45 Miler Park (F RH) 06/24/1804 46 71 40,976 o - 0 - ° 0 0 10 
Upper San Josquin River aad Tributaries 
646.16 berced hetchery 86 86 ‘oo 166 tartaiees §6o6a271804 3 16247 «= ©. 67668 0.16 1636 243 223 
646-17 Merced hetchery 66 65 w.”M 165 O4m1see4 §=604001/1004 1 200 0 1380 0.03 1617 228 206 
Total 1106/1983 6) 606 tasarnees §6062/1804 4 62470 0.0788 0.10 
6-1-11-2-10 Merced hetchery 83 61 26,316 _ 0601/1004 06/02/1084 2 400 0.1988 08=— 0.07 24 6 54 
6-1-11-2-11 Merced hatchery 63 61 28,328 Lo) esmiiees 0601/1004 1 200 .) ee) oe 1 149 
6-1-11-2-12 Merced hatchery 63 61 26.632 oe oemiees o6mer1ess 2 000 (CC 13807 24 28 60 
6-1-11-2-13 Merced hatchery 63 7) 17,380 a oavie/10e4 oari6/1eR4 1 200 0.1908 0 8=— 0.06 24 4“ “ 
Tot! 04/22/1804 90 $65 0601/1804 06/16/1004 6 3000S «0.13988 008 
@1-11-2-44 Lower Merced @ARFF) ry) @ 36,017 87 - . ) . - 24 16 103 
@1-11-2-16 Lower Merced @ARFF) 48 @e 23,324 67 0601/1004 0603/1004 2 @00 0.1380 0.08 “8 20 43 
@-1-11-3-1 Lower Merced (MRFF) 48 @2 23,760 - - 0 . - 0 0 ee 
Tots! 04/22/1004 0601/1004 0603/1804 2 900 0 1380 002 


<3 




















@PANDED EXPANDED 
TRUCK RELEASE MUMBER 8 AVERAGE) 6FPIRSTOAY LASTOAY NUMBER 8 06MBNUTES PERCENT SURVIVAL GROUP SALVAGENUMBERS OCEAN 

Ta@ CODE RELEASE SITESTOCK OaTE Ter = TEMP RELEASED «= STE. GM) «S RECOVERED RECOVERED RECOVERED FIGHED SAMPLED DEX SURVWAL CVP Swe = s- RECOVERES 

6-1-11-3-2 Upper Tuohumne (MRFF) 53 51 58.859 as 0506/1904 05/14/1904 2 2000 «(0.1388 3S 0.08 12 7 06 

61-11-33 Upper Tuchanne (MRF F ) 53 51 4281 6s os/iaiee4 06/12/1906 1 200 0138 86022 12 22 06 

6-1-11-3-4 Upper Tuctumne (MRE F) 53 61 20,274 6s - - 0 - . 0 4 62 
Tosi 04/23/1904 63.414 0506/1904 05/14/1904 3 2000 «s«0.1388 0.03 

61-11-3-5 Lower Tuchemne (MRFF) 4a 62 36,420 e 0508/1904 0606/1904 1 200—fC«C SC 48 t) 109 

61-11-36 Lower Tuchenne (MRFF) 4 6 13,628 e 0600/1004 06/08/1904 1 200ClCi CT 24 14 - 
Total 04/24/1904 $0,055 06/06/1804 05/00/1904 2 oo 0} 00.1388 0.04 

§-31-21 Bathe Creek (CNFH) wA WA €2,121 wa - - ) - . 12 24 600 

§-3)-22 Gatte Creek (CNFH) WA wa 166,214 _ WA - - 0 . . 24 575 1516 

5-28-50 Bathe Cresk (CNFH) WA WA $2,245 WA - - 0 - . 24 oe 4% 

§-28-6. Bette Creek (CNFH) WA wa 52,608 WA - - 0 . . 24 73 369 
Tots 0104/1963 322,246 

Upper Secramento River and Tributaries 

6-1-1-8-1 Betow RBOO (CNFH) wa WA 0,508 s3 O</18/1083 06/06/1983 2? 3790 O1MS =O 0 t) 430 

5-1-1802 Betow RBOO (CNFH) LE WA 63,2738 53 oaievies3 06/14/1963 21 some) = 0.1357) Ss: O32 0 0 433 
Tots! 03/10/1983 123,747 041e/1083 06/14/1983 43 S270 = «(0.1368 0.33 

@1-14-11-1 Bette Creek (CNFH) wa so 31,085 72 04/22/1883 06/00/1903 18 3313 «0.138305 © 4 $86 

@1-14-11-2 QGatSe Creek (CNFH) WA sO 26,676 72 os211083 0600/1903 27 3130 01S = O80 12 0 soe 
Tow! 04/13/1983 50,076 0421/1083 06/08/1983 “5 eS «0.1348 0.73 

$-1-10-3 Bette Creek (CNFH) mwa Sa 0,381 e 0606/1983 0607/1963 22 15 )=—s «0.1361 0 0 606 

5-1-1404 Bette Creek (CNFH) WA 84 61,616 76 06/09/1983 0602/1083 87 on o1M7 O88 0 0 1263 

6-1-1046 Gatte Creek (CNFH) La 64 01,981 7° 0603/1883 06/20/1983 61 6220 0.198 062 ° 0 1363 
Tot! 04/26/1983 213,967 0603/1003 0607/1003 130 oes) 00.1348 0 se 

Secramento-Bon Josquin Estusry 

6-1-14-3-6 shosedate (F RH) ones 8 6&2 Aa 60,016 * 0/20/1863 06/20/1983 2 4080S s(«0.1371 0.04 1272 40 2) 

61-14-3-8 Lower Old River (FRH) onwies 6 e 62,747 icy - - 0 - . 756 170 30 

6-1-14-3-6 Benicte (api release(FRH) 7416-Agr-63 55 si 53,008 $8 04/14/1983 06/12/1903 12 soy) 0s 0.1422 0 0 4m 

@1-14-3-0 Ryde (FRH) oaneness) = s«S7 8 53,285 61 04721983 05/22/1083 23 some 0.1374 41 0 () $27 

61-143-10 Georgians Si. (FRH) oaranees = sO65 86 $3,067 63 0602/1883 06/17/1903 7 31400 «6 O1M3 8.12 24 0 204 

6-1-14-3-7 Benicte (FRH) oansiees = «63 61 40,336 63 04/20/1983 06/23/1983 $s . 0 0 531 

6-1-14-11-4 Clon Cowl F. (FRM) onves (87 67 28 600 60 - - 0 0 90 0 

6-1-14-3-11 Miler Park (FRH) aa 8 6653 to 54,454 68 0601/1983 06/26/1963 ™ 40000«—s «0.1372 0.83 12 0 760 


xz 
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ExPAWED EXPANDED 
TRUCK RELEASE ER AVERAGE «6PESTOAY «€6UASTOAY) 0 6AER «= MITES «PERCENT SUEYWAL «6GROUWP 6SALVAGENMAERS) 06060 OCEAH 

Ta@ COOS RELEASE SITESTOCA OaTe To = Te LEASED §=6 SEE «RECOVERED RECOVERED RECOVERED FINED SAMLED SOEX SUNY CWP swe) 8=- RECOVERS 
6-1-14-11-3 Rio Views (RH) aan | 6 1 28 056 66 os2e1e83 §6os/ler1e83 iT) oe 8=sa 344 oes 24 () 326 
61-14-312 Mosedste (RH) _ $5,742 71 0607/1083 06/16/1083 4 200 0=—Os «6.4403 007 162¢ be ) 
61-143-13 Miler Pet (RH) ocnanes @2 $1,574 71 0607/1983 0601/1983 23 os 8661398 043 24 () eas 
631-36 Wosedate (F RM) ones 86 62 6 $1,837 72 o6i1/1083 | 60621/1983 4 22200«=— 6.1402 007 24 7 a 
64341 Mew Hape Landing (MOK) wa 63 $0,403 7 06/1¥1883 06/27/1083 6 200— ss 8.88 o2 12 12 208 
643-42 tew Hape | ending (MOK; ea 63 $0 000 7s 05/14/1083 oame1e83 3 42058 «=—0. 130 028 12 ° 311 

Tom 06/08/1983 100 443 os/iyiee3 o6me1e83 Ps) 460=CSs« 6.4327 027 
6-31-37 Ryde (FRH) ona se 46 660 75 Os/iw1e83 06/90/1083 43 pe oes ° ° 1195 
6-31-38 Georgians Si (F RI) omtaiees 8 6&2 os $1,560 7s o6/16/1083 came/1es3 $ 4560—Css«.8 327 02 _ 1$ 356 
6-31-44 Benitcts (F RH) ones 67 84.297 67 . . 0 . - ° 0 1184 
631-38 bosedete (F RH) omnes 6 t) 62.616 76 06/10/1083 06/22/1963 ‘4 00 0.1388 007 4332 110 a8 
©4634) New Hape Landing (MOK) wa 4 40 543 67 06/20/1983 0602/1983 4 [al 6.14962 ooe eo 0 9s 
8346 New Hape Landing (MOK) bw oe 40,7189 o7 06/27/1883 0602/1883 e 1166 owes 013 60 0 ye 

Tom 06/20/1963 08.262 06/27/1083 0602/1983 10 06 06=—Ss tes Oo. 
6-31-38 hier Part (FRI.) eevee «sé es 40 7e0 [) o626/1003 06/17/1983 16 “e20=— 6.1328 oss ° () say 
6-31-40 Mie Part (FRH) eae 8666 a 60,196 e2 0631/1083 08/17/1083 Ce) e200 sO. 3e8 o7s 0 iT 077 
6-31-46 Berucie (F RH) oanaviews 66a 64 61,004 ae . 0 . . () 0 14654 
6-20-12 Gatie Creek (CNFH) Mea mA 64433 78 oarzeriee2 06/21/1882 a a 8 666.1381 ou t) () $1 
6-20-13 Bette Creek (CNFH) bea Ly 40 507 7 04/26/1882 06/20/1082 - 28 0 0=—s 6.1370 O17 0 0 0 
6-20-14 Bette Creek (CHF) wus wa $3,008 me 06/20/1002 06/20/1902 3 <2680=—s( 6.1388 005 ° ) 7 

Tom 04/14/1082 187 626 04/26/1882 06/21/1982 2 se 08=6ss. 0.12 
$-20-18 Red Gadi (CHF H) a a el 40,373 76 oea7nee2 O6/1er1002 6 “0 86060.1587 ow 0 ° « 
$-20-19 Prancesnn (CMF H) ones 866A as a 63,332 Lz] 0424/1982 06071002 a 220s 6.4383 042 2 ) Sa 

Bocraments Bon Jeaqur E smery 

6 1-94-2-11 Ryde (F RH) onan oe $3,630 7 oanwiee2 0424/1802 7 270 0«=s «6. 1a? is ac) 0 360 
6-1-14-2-10 Geergiane Si (FR) ose 6&6 64 $1 006 7 owreneea oaaariee? 23 +. eke 042 4 10 1464 
61-142-12 Mosedate (RH) ] ae 64,073 7e oaiwiee2 0606/1002  ] s0O «C8. 1386 ow 2803 28 “5 
6-1-14-2-13 Mosedste (FRM) ] 64 $3,030 ba oaiv1ee2 0601/1982 " vee 0s ow 2777 “ .T 


>» 

















opera > Contras? 
TAUCK RELEASE 606R | OC AVERAGE «6 PET ORY) «6CUASTOAY 0 ER TEs 
TeeCOpt _-—sLEASEGITEGTOCK __-«sOATE = TEMP TEMP RELEASED SUE GMA) RECOVERED RECOVERED RECOVERED  FeeED 
‘om 0407/1982 107 163 Oeiwies2 0606/1982 2 «ses 0.1385 
@1-16.2-44 busedane (F RO: $6 63 $3.75 6 oerer1ee2 0427/1982 10 ie 01987 
€1-14.2-16 Mesedate (RH) os 6 ae 50 @2 0421/1882 0601/1982 3 2900 0= ss 6. 1383 
Tom oon yies2 903,712 oereriee2 6501/1982 13 es 0s 184 
61-16-31 Ryde (F RH) 06/14/1882 $5 ts) 425% a oai7ee2 0607/1002 105 (1) a6 01385 
61-14-32 Georgere S (F RH) oneew2 6 “ 62.374 61 oe7ee2 0606/1002 “1 see 0 1385 
643-38 New Hope Lending (40K) G4QVIOR2 8662 oe 100 sne@ 1 0420/1982 06/14/1882 iT} 280 0s. 1388 
61-14-33 Wdosedate fetberntar) (F R01) a“ [om $3,204 La) 060y1802 0606/1982 7 BOL 01388 
@1-14-34 bMosedene hetbertter) (F P04) 61 _ $1448 63 0604/1082 06/10/1902 2 3 = 8 
Tom 04/24/: 082 104.738 06031882 06/10/1082 6 3338 01386 
6-31-29 Ryde (F RH) oamne2 87 C3 $3,080 6 0420/1002 06/20/1082 Ls) sos3Cts«é. 435857 
631-30 Georgere Si (F Rr) 0627/1082 67 6° 61.9014 63 0601/1982 06/10/1002 " 1900 01347 
$20.30 Bertcts (CHF H) ogee 6A Dea 54 055 eo os/tor1ee2 06/10/1982 1 . . 
@-31-31 bvesdate fetberrtas) (F FO) @ a) 61.262 “ O6/re/1082 06/16/1982 1 200 013808 
6-31-32 basedate (whemter) & Fi) @ ” 46 486 ts) . . () . . 
‘om 0404/1682 oa.717 carreies2 06/16/1082 1 200 01388 
64) New Hope Landing (40K) GSeeIeG2 866A 72 102 630 108 os/i2/1ee2 O6/ler1eeE2 6 see) 0=s«O.4387 
631.33 hdosedate tetbarne: | ( Ri) 83 72 $2 4684 t -) . . 0 ° ° 
631.4 Rnsedate tuberrte ) (F Ft) 83 72 62.831 67 0621/1882 06/73/1802 2 67s 0.1391 
lom o6/12/1002 106 388 0621/1082 0623/1002 2 676 0.1391 
1901 
Call Run Reteeees 
Uppe Secramente Rive: sad 'riutaries 
§1-1-1-13 Beatie Crest (CHF) Ly Ly 64,373 70 osrwieet cseeien 4 460 0—O eC 88 
61-1-1-12 Red Gad (CHF) ws Ly oie 7 Os/11/1901 O6/30r1001 24 . an 
$1645 Prnceten (CIF H) Ly we 12.474 ] caraes careriesi 4 i a a | 
61047 Princetan (CHF MH) wy vee 10,713 Cd O6/11/1001 O621/1801 10 2008 8=6— 182 
$1048 Prencetan (COE 1) twa wy 20.702 80 cartov1ee81 casarles1 10 4000S tes 
Tom 0603/1901 s1.978 06/10/1801 06/30/1901 Pry ae) 
Soc: amonte Sen Jocqun E emery 
61-14-1-14  Oos Rats (RH) $3 @ $2 087 Lo) Oe21001 «06/11/1801 s s7000—Css«.374 
61-14-1-168  Oos Rete FRM) 83 C) $0 602 @0 0672/1001 0602/1001 ® 700 0—C ss ee 
‘om 04/16/1001 102 988 04721001 06/11/1001 7 37@0 01374 


~Q 
~ 


016 
0.17 





ExPanCEO EXPANDED 
GROVP SALVAGE MUMBERS OCEAN 
neva = =60CWwP Sur 6 RECOVERES 
06 
7s 7 8 
16S! 6 12 
O12 
° 17 $03 
6 12 240 
e 4 v7 
24 1S 2 
4 13 i) 
0 08 
i) i) 207 
‘4 ' 6 
0 0 6se 
12 0 ° 
6 6 ° 
oo1 
0 ° 2 
i) 6 6 
0 6 3 
002 
0 6 274 
© ° 75 
0 i 2 
0 0 70 
0 ° i) 
ou 
1262 2302 nN 
2302 1244 se 























neupeiadin Y Centres es 
tPureeo iad. o Rey 
Ck AREAS 6 ave ane rmesTcar LAST OAT —eeen 0 606MRTER «PERCENT SVR 6 06GROW UGA. WAGE ARERS OCEAn 
Teecors _samaaseeresTo: are Cr sar mecovenss 
@1-14-2-1 Gucttey Cove (F RH) 51,128 Ly oene1e01 0606/1801 1s , ae 627 272 1680 43 
@1-14.2-2 Quctiey Cove (F Rr) 44.213 0626/1001 0602/1001 " 1@00 o:'we 621 7 775 72 
Tom o«/terr681 83 w 00.341 0424/1801 0606/1801 Ps) ; ae om 
@1-14.2-3 Emre Trect F RH) “ Li a 785 ee2e1081 0600/1801 rs) es, ore ot re2 LS) 
61-1424 Eempre Tract (FR) I e 47 ya? 0e2e1001 O6/12/1001 a we 8 6066tare ou ir] “nn 72 
Tom oat7rree1 06 602 oee/1e01 06/12/1001 oe we 8 60661370 Ose 
61-1624 \ Maghehemne Five FRM) 04/16/1801 8 e 47 208 La) 067271001 0603/1001 re 2200 o1me 1% 0 238 vat 
61-1624 Jereey Pod & Ri) oe/1@71001 Ly 6) 62.138 a C62 yee! O6/17/1801 oe ooo ows ‘7 8? 274 ») 
6237 New Hape | ending (MOK) tee a 0.267 100 oa2er1e81 0608/1001 4 =08=3—Mli«éP 043 0 0 2 
cow tee Hape | anding (MOK) Ms nA ase 100 0e201001 0606/1001 4 “co 0O CG | 0 ° as 
608 tee Hape | ending (M08) ba MA @eo1 400 eeze1e81 cheIles: “4 ae 182 © ° $1 
648 40 few Hape | ending (MC e eA me aoe 100 e700: cbewles: 12 500 61m 1‘ o ° N 
04041 (ew Mage Landing @S0K) mA A a0 400 o<2m1601 0602/1001 “4 eco oie a) e 0 22 
626-42 teow Hape | ending (MOS) Lv A 1706 400 eegeries: e6mar**ti 7 ‘000 oie 207 ° cy) ao 
6404) (ew Hape Landing @40K) MA mA a3 400, 0e20/1001 0602/1001 TY = )83—hiéé'. 18 ‘a7 ) 2 43 
040 44 (ew Mape Landing @40K) a MA eer 100 0420/1001 0602/1001 12 “oe 0C ee ‘= ° 2 0 
04045 tee Hope | axding (00 | A a 0128 400 0<2Gr1001 0606/1001 a “)03—rsié‘t‘O oo 24 o 12 @ 
640-46 teow Hape | ending (MOH ) Cy vy eee) 100 oeze71001 esmertes' iT) ‘eoc 1388 161 « 7 LS) 
© onyes1 oe ate oearnest eseerre LP) =e OCC ee ‘1s 
61.16.27 tie Pen F RH) “ a 61 382 Ly eeavies: cscerres: Mw =e 0s tee oa? o ° we 
61-1424 tte Part (F RH) “ a 61.272 Ls) 0e01601 0600/1001 9 ; ae oo 0 0 278 
‘om 0426/1 801 102 @84 oeer1e01 csce1ee: J =e 0 ee o77 
1-14.24 ie Pot (F RH) w a 63.430 eo eeaTnes| carle/1ee: 2 ; ee os 0 o 2% 
631-26 tame Pert (F RH) tL) a 8! 088 La ceeeres: Galeries J = 86=636hfthe 064 ' 2 
loom 00/201 681 104 516 cannes) ebrer1es' oF =e =O a7 ose 
6406) New Hape | anding (MOK) Lv ma 10.510 1 ceiares: eeawies 6 = 861m OM © co 2 
020 58 Nee Hape | ending (Re) we ce ) $@6 1 carreries: cari wise: 5 Le) oO 130 on ° ‘4 Ly 
628 68 New Hape Landing @60K) ma Lv 10 $68 1 caries: esrreriesi ? a ©630—6hottSe )086(66a? 0 a 3 
646 New Hape Landing (40K) A Lv 11 e664 1 earreries: Ga/ta1601 s Le etme 043 ° 0 * 
6206! New Mage | anding (MOK) Lv A 11,201 1 cree esree « ve 08=—s.e om t) © » 
6204) Mee Hape | ending (Ue) MA Lv 10M 1 carreras: carlerles) 6 we 806066. tee oes ‘ ° 4) 
6406) (ew Mape Landing (40K) we A 10,707 1 canara: caress 4 = e176 os © ' Pi) 
e240) (ew Mape Landing @40K) we MA 10,012 1 canwiest oarle1es) s = s17e o7s o ° ? 
62 Nee ape | ending (608 | vy Lv oraz i eeriarres: carlaries1 5 ro 01370 ow © 0° 2 
607 Nee Mapes | aruiing ate fae 77 a1a2 1 cariaies! caries) 2 = @ 1381 ow ° © © 
‘om o6ee1 801 101,473 earreries: esr? 1/160' oo =e 060 ee oar 
631.28 Qucttey Cove (FRM) a Ly oe 3s) La ceriwres! caserles' ? =e 0G tee on Fi Nn Lo 
31-26 Quctiay Cove (F RH) = es 60,427 Ld cerniwiest earrerres' 3 = e176 02 7 n ae 
Tom osoesee' 08 670 oerivie81 carserres) 0 =e 0G tee ow 
6-31.27 \ Mahohenne Rive (FRM) 0600/1001 bed a 8 ros oe eariariee: carleries: Nn = «178 Ce 2 P ] 270 
61-14-14 Gertcte (CHF H) oa wrest ese own 43,760 —_ : . 0 0 ° nm 
631.28 Jereey Potw (FR) ool wiee) Ld e 00 106 = carreres| ca les' a 7a00 c1we ‘= 22 c are 





Ry 














nga aired 
tatoo (wane o 
ee ee ~_eeee 0 feo 6 6CUTORY0C COTES «PORCENT Gua 6G 60OGMWAGEMmeERS | OC 
Bn I a en I oe Sewn Cw LU necoveneS 
1200 
Caf Run Bofeeees 
Upper Secrements River ond '+Gutertes (7) 
$e Qatie Creat (FH) anwee A oe oe [ e188 G806/1680 ? ows 017 r) i) = 
$70 Res Gad (CI) ones 866A we “533 a 06201080 0862/1080 5 = s0882 oo ° ° 3 
$28’ Pancesar (LIF +4) mere 8 606A owe S2.677 eo 6201808 06/22/1080 4 eno 6:3 coe 0 t:) 12 
Secremente- Gee Jesquts ft etne-y 
o1-16-14 Ose Rete F RH) ] 63 2 7” a26/1080 O61 2/1080 2 see 0 C0273 004 332 os 12 
61-1617 Ouse Rete F MH) “ 7 2 688 "1 Cate. O8/16/1000 2 ec ome Oo vet are " 
tom oeer1e80 106.742 eegerrese 06/16/1000 ‘ we 0=siéa es 004 
1.1614 Uspe Ot fave FO) w oo 72 . . o . . we oat 
1.1614 Uspe Ons ee FRX) 63,313 Le] cene1e8s 0801/1080 2 ~e 6=so3. 00 oo SA2 oe . 
—_ wrens ro oa 26) ee2e1688 860601 O00 2 1yo om 002 
@1-1414 erway Pome 3 Met) oee71080 J tS) & ea) "1 eeaviese Gb/la/ien0 Ny ry o12788 oe w 128 223 
61-141-10 Ocs Rats FRM) oo * 2.560 i) ceiwrese Gsrleese | eo ose cos iT 7 s 
61-464-11 =Oes hen RH oo = 0.976 " eererees cbrrereso 1 700 01m 062 = 6 ” 
Tom 06021980 163 633 eenwiess csrlerrese ‘4 00 oe om 
@1-161-12 Upper Ons Ree FQ Me 7 61 421 " eerrereuo earerlese 1 700 1380 @02 226 a? s 
61-16-4193 «= Upper Ot River Ma ” sore ve : . o . . 202 44)  ] 
-— may1e80 103 See cereess esrlelese ‘ 700 o1see8 oo 
691.18 sereey Pune (3) (m4) oanwe 83«€63—®mfS oo 0 143 7 serene eb28/E88 _ =e 0 C427 “ ir] ry) 20? 
631.6 Secvemerce (3) F M4) aenee Le) 2 wD iz} eee80 camwviese o + ee ‘os 7 ° 6 
631.20 Ryee (3) 7 RH) aan oo 61 870 La] Ceiaese carze1e80 oe ae 23 ° ° 4 
swe Gerace (CHF ean 0 A re 2 oa@ a . . o ° 0 ee 
631.23 ae Mew 1 Rt) aawree 8 t 3) awe Ls) Geaviess cerie/ese ™ 7s 4 o1ne ors ° t) 222 
@90.2" eerees Sag FRM) «see loti e sere = esevress Ga 21E80 w == 6s 77 108 © © 30 
0-31.22 Ryce 6 Ft) aewee 8 ltt os te 637 te eeeaeee Gar wien Cy e376 = © ° a" 
Upee Bee Jecqute Mts ond '*@uterwe 
@1-11-1-16 «= Upper Tuchonne GOFF) J Lys mis La) Geriarese Gari arrese ' am o:1mwe eo 1's 2) 2 
@+-11-1-96 «=. Upper Tushonne GOFF) J w 2 o cerrerrese o6/1e/1eR80 ' Pa. owe oo oe 231 5 
Oras Upee Tuskers GOW F) Me LY) new o CBi2080 ebi2rreRe ' 700 o'we oo 1M 204 ) 
61-1122 «6 Upper Tuskers GOP) ] a 270 Ch) 2%0e 200 OnmErteRO ' = ome 8 60 Cd 180 ° 
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EXPANDED EXPANDED 
TRUCK RELEASE SOMMER 8 6AVERAGE «6FIRSTOAY 6LASTOAY 0 606AAER) =6MBRITES «PERCENT SURVIVAL «6GROUP 6(SALVAGEMUIBERS) 8©60—- OCEAN 

Tag CODE RELEASE SITEARTOCK OaTE Temp =O TEMP = ELEASED §=6 SE GH «=RECOVERED RECOVERED RECOVERED FINED SAMLED SEX SURVWAL  CvP Swe RECOVERES 
Tow! 04/30/1880 93.653 0500/1980 05/16/1880 4 1740 0.1343 004 

61-11-2-3 Lower Tuchenne (TRF F) 48 cy 27.283 72 OS/12/1800 05/12/1980 1 200 6.1388 003 122 266 1 

61-11-24 Lower Tuchsane (TRFF) 85 a 26.067 72 . . () - - 92 163 17 

6-1-11-2-5 Lower Tuchumne (TRFF) as 68 24 805 72 - - 0 - - 102 4 () 
Tots 0601/1980 76,235 O6/12/1880 06/12/1980 1 200 0 1388 001 

1989 

Upper Sacramento River sad Tributaries 

6-20-37 Goethe Crock (CMFH) osmeriees 8 86NIA bea 61,074 — osrie/iese 0607/1980 13 41768 0.1281 026 6 0 a 

$-20-38 Red Bad (CNF IH) ceaeisse 8 66M eA $2,677 70 06/16/1888 0600/1980 6 4376 0.1267 0% 0 0 91 

$-20-38 Pranceton (CMF H) os/arieee = MAA $0 042 72 6/11/1988 06/31/1980 27 3600 0.1267 085 12 90 

Secramente-Jan Jooquin Estuary 

6-31-14 Oos Reis (F RH) 04/20/1980 Ss oe 62.962 { osa7ness aserness s 2200 0.1388 ow 428 2206 uM 

6-31-13 Upper Otd River (F RH) 04/21/1980 s 7 61,872 6 0425/1088 0604/1980 5 2000 0.1388 008 6568 2016 M 

6-1-11-1-11 Jereey Point (FRH) so we 27.788 70 osr2eiese 06/16/1880 24 3380 0 1385 ost 0 90 63 

6-1-11-1-12 Jereey Powe (F RH) so oe 28.068 70 cezeriees 06/12/1080 2 2700 0.1306 04 12 42 ic) 
Tow 04/24/1068 66.016 04/20/1088 06/16/1800 LS) 33980 0.1386 oe 

@-1-11-1-7 Dos Rete (MRE F) (>) 7 26.088 70 06/10/1888 05/30/1880 3 3000 0 1287 0.12 12 400 26 

6-1-11-14 Dos Rete (MAFF) @ 71 28.631 70 0600/1888 05/24/1880 7 . oe ee . 78 32 

6-1-11-1-13 Dos Rese (MRF F ) 2 71 28.363 70 csrieniese e6/ie/1ese 1 200 0 13808 004 w 166 16 
Tow! 0502/1988 76,073 . 0600/1988 06/30/1980 " 4180 0 1266 O16 

6-31-11 Ceuwtand ¢ RH) 06/02/1888 86 o1 61,211 67 o6a6/iess 06/16/1080 “ee 2380 0.1383 ou 0 2 247 

61-11-14 Upper Old River (RFF) e 7° 25.087 70 eameriees 0600/1080 1 200 0.1388 004 426 74 t) 

61-11-16 Upper Old River (ARF F) a 70 24.472 70 cseeiess o6ce1ess 1 190 01318 8606004 $24 22 () 

61-11-14 Upper Old Rover (MIRE F ) a 70 24,762 70 osme1ese 06/16/1908 2 ee a 107 264 "1 
Tom 06071980 74.341 0600/1888 06/16/1980 4 6000S 6.1980 005 

6-31-12 Ryde (FRH) 0601980 Le) ae $1 006 on eameiese 06/16/1080 i) 1980 0.1382 120 0 16 417 

61-11-18 Jersey Poit (F RH) s ] 27 $28 73 cameess ca2siese 3 300 0—Css«.1385 1.13 0 06 144 

6-1-11-1-10 Jersey Point (RH) ie} 64 20 708 73 0600/1008 06/22/1980 2 2000S 0.134 062 12 ws 41 
Tow! 0606/1980 66,233 0600/1880 05/26/1900 se . oe 097 

$20.40 Bericte (CHF) ooneness 86 NA bea 38.378 72 . . 0 . () ° 196 

6-31-10 tae: Past (F RH) 0e1/19808 $1 67 62.612 J cens/1eee 0600/1080 4 @00 01380 025 0 0 61 

6318 Ceurtend (Ff Ri) enaniee 8 & ee 50 660 82 0606/1908 0600/1080 19 ek) oe | () 0 42 

631-7 Ryde FRM) ona e 60,601 J 0e06/1888 06/14/1980 na 7000 0ClC m8 () () 42 
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Agpenda 2 Contnsed 
EXPANDED EXPANDED 
TRUCK RELEASE AREER 8 6AVERAGE «6FIRSTOAY «€6LASTOAY 8 606AER) «60MRITES «PERCENT SURVWAL GROUP SALVAGEMUICSERS 0 0OCEAN 
Ta@ CODS RBLEASE SITESTOCA OaTe Temp TEMP RELEASED «= STE = RECOVERED RECOVERED RECOVERED FIED SAMPLED SEX SURVWAL CP WP =e RECOVERES 
6-314 Pon Chicago (F Ri) cenasisss 8 6&0 67 45,446 (5) se osneiese 06/17/1988 ry) - - () (.) 160 
6-31-15 Miler Past (F RH) se 70 4 086 “ eeri7ness certeriese "1 @00 0.1380 623 0 0 33 
6-31-17 hier Part (F Rt) 88 70 40.900 63 ceri7ness ca/terese  ) @00 6.1388 0.17 0 () 35 
Tota oe/14/1980 o4 604 cari7neses cs/ieriese ~ 00 0.1388 020 
@-1-14-1-3 Cewtand (weet) (F Ri) Ly 71 i) eai7ness ca21/1688 7 200 0Cs«8.1388 ow 0 0 47 
6505 Cewtand (esst) (F RH) 67 71 37813 ] Gerteniese 06/22/1088 é 1000 0.1388 010 ) () nu 
Tow 06/16/1080 90,720 os) cai7ness evearress 21 1200 «=—s« 6. 13988 022 
@1-14-1-1 Steamboat Si (F RH) enw 8666 vo $1,237 78 oe/16/1088 08/22/1080 i) we 0OFsC«6.1388 0.01 () 0 70 
6-31-16 Suter Stough (F RH) caiwieses 8 = 67 _ 40,762 63 ceris/ieee careless 87 2875 6.1331 1.92 0 () 152 
6-1-14-1-2 Ryde (F Ri) caneiess) = 8 73 61,134 “es oe1er;eee caerese  ] 1460 0=—s« «82086 016 (+) 0 10 
61-14-14 Port Chicago RH) cngwies 71 44,329 oe eerzeriese® 0n/22/1080 » . - 0 () 363 
Upper S20 Jeoquin River and Tributeries 
06140 Upper Stasustaus (AREF ) sc Le) $2 448 78 oczeriess e6/11/1880 3 200 0—Os «8. tt 006 40 1326 v7 
@6-14-10 Upper Staruetes (MRE F ) so $1 $08 76 eatariess e6ie/iese 4 . ee | 007 os 1060 7 
4 Tom 04/20/1888 163,961 0e2e/1088 o6/16/1080 7? . ieee 00s 
oe-1-1 Lower Stanisteuse (4RFF) 60 os 26.625 7 esaeness 0602/1688 "1 se 0=—s(«. 4388 040 200 1162 24 
06-14-11 Lowe Startsteue (MAFF) $0 “6 606 n eeaeness 0427/1088 6 00 6.1388 0.12 +a 1784 36 
Tom 04/1 071980 74.220 04/24/1888 0602/1080 7 we 0S 6.4388 621 
@1-11-1-1 Lower iherced (MRE F ) 8 70 26,367 e eeayiess cblerese 3 se =. «4380 on 2 400 3 
@1-14-1-2 Lower Merced (MRF F) ss 70 26,276 -o earieiese 06/16/1080 1 200 01388 006 we 264 2 
6-1-11-1-3 Lower Merced (MAFF) se 7 73,832 on . . 0 . - 162 260 ° 
Tow! 74 006 cseyiess 06/16/1980 4 2000—ClC«C 006 
06-14-12 ‘ower Stenisteve (MRFF) O6021088 68 - 44 100 72 . - () . . ee0 408 12 
Pat Bee 
Upper Secramente River end Tributaries 
$1030 Gatte Creek (CMFH) bw, dal $1,823 Lad cerieniess oa26/1e8s “6 618 )=—s 6.2741 oa ) wi 
$ 19-40 Red Gad (CNFH) A basa 62 Pee a osreness 0626/1088 7 6316 )0=—s 0.2741 633 () () ry) 
$1941 Princeton (CMFH) caniiess 8 86A aA «OT es ceriariess oa2a/iess 4 46 0=— 6.2724 ox ° ° 413 
Bact smento-Bnn Josquin E steery 
06-14-2 Cowstand (F RH) 61,388 0607/1088 06/21/1088 A) see 08=s« 3.2773 068 42 $08 $se 
be-14-3 CourOand (F RH) 66,081 0607/1088 06/28/1088 oa 706 )0=—s 2747 0.70 43 404 631 
Tous ceatness § 86 80 a 107 249 76 cea7ness o626/1e88 164 716) 8=—6 2747 06 
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tPas@eo t Panto 
Tauck @RLSASE =nASBER avaneGe 6ST ORY 6UASTOAY 0 6 AREER «6 TES «PERCENT SUL «6GROW 60 GALWAGE RREEERS 060 OC EA 
“ecoms __s emieaee TESTO Sane Li ad or r  necovenss 
+ 467-7 Gette Creat (CHF H) cwieisss ) = A twa $1,371 80 oaeriess 06/17/1008 s 670 Os ow (+) () 221 
4$42 Gatte Crest (CHF) tus 6 24833 oe es2iiess o62e/1ess " moe 0s ee oat ° ° yu 
WS4) Getfe Crest (CHF) tata i 3) 6 065 Ly Csawiess o627/10868 19 ae eS 0 62 ° ° 313 
os wiess $3 S62 eavises o627/ess wo “oe 0CL 88 082 
S44 Oetew RBOO (CMF H) nae L 20 900 67 eeaviess 0601/1088 +, ie aS ost 0 0 yes 
S45 Oetew RBOO (CHF H) Ly t) 27 608 6? ee2e1ess 0801/1908 W , oe oss ° 0 «42 
tom cai wress $s 808 ceeerress eaniiess ” , ee 04s 
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South Form: Mok (CNFH) GWI4/1804 8 86NIA wa 45 036 
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Port Chicago RH) ceeiss2 0 HA Lal 63.221 
Merced Fiver Fich Faciiy 0422/1082 A sea 40,217 


Ageia 2 

Ta@ CODE RELEASE SITESTOCK 

642-16 Otecovery Part (CNFH) osn2iee2 6M 

6-42-19 Port Chicago (CNFH) cni7nes2 WA wa 06,877 
642-21 Otecovery Past (FRH) oaavie 

642-22 

Upper Sen Joaquin Rive: and Tributaries 

64617 


177 


0.1388 
01388 
0 083) 
0 0833 


Coyote Creek (TCFF) coaiest 866A Lal 10.623 
Bette Cresh (CNFH) coenest WA wa 06,213 
Betow RBOO (CMF H) caress: WA Lal 04,987 
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RUCK SELEASE =RER = 6AVERAGE «6PESTOAY «6LASTORY 86 eenen eensres PERCENT SUMMN GROW suvact mAMRERS 
1a@ Coe RELEASE SKESTOC oare TE? __YEMP  AELEASED SUE GMH RECOVERED RECOVERED RECOVERED FERED SAMLED SOEX SURYA CP = . 
1978 
Upee Socremente River aad 'r@utertes 
6424 Feathe: Fever Hatchery caneie7e = A Lo 161 628 7s c id © 
Secremente-Gen Jeoquin Eotmary 
0424 Onscovery Part (F 04) aac 6&4 _ 160,161 7” Gerrens7e ce2s1e7s © 7s 46f (643 c © 
oare Port Chucage (F Rt) anes 8 6a? os 190,122 6 canrare7e careers ' 
1878 
Upper Secramente Rive: oad Tr@utarwe 
642-1 Feate ive eichery ceeers7e = A bee 170.908 = ° id 0 
Becrements-S02 Jeoquis Gomspry 
0422 Onacovery Pat (F RH) aaers 8 687 73 162.283 "1 0 0 e 
042.) Pert Chucago (FRM) comere7e = 67 es 164,768 - caeerre7re cacere7e ' 7eo ome 866.0 © 0 
heotse 


(1) @ Gah ex@eected wm covet te 10 800 medvertandy retensed wi he Georyare Staugh gow on 14/82 0 0/8% of he 6 | 14.) 2 code grup rateseed of Georges Slough wes ever) & ( heppe iste 
Thus, we eeoume survival of the 10,500 6 1.14-3-1 Osh retensed of Georgians Stough to be 6 670% (0 teh) 

(2) These groupe were af large Gating fe parted of non enmging Mey 4 26 2) ond 78 One esbustes of as we tiseed low by & wer ernst 

(3) The anger) date hee beer changed w& refed! arty ngged tah cougi before Dre ww comping ported 

(4) 6 Gch exteected bom Miler Pert recovertes dus to 6.315 tah medvertandy being released wt the Puri Chicage group fing 6 6-3) 0) 

(8) 6.516 Goh ma@erected bum tate) menbe relessed Gus & |] 7% hoveng ag 6 6)! 10 (hie Pet) 

3) 1 Gch wes recovered of Cripps teland on June 200, bul wes nol incheded 0 et he survive! indies would not be bined. 

(7) Tots! member recovered ta: beth tng 8 6-62-61 and 6-62-42 & reduced by | since ons teh te cach code 
wee recorded os being recovered of Chipgs istand on the day of retease (0/73) 


+ Unenperdted recovery 
/ some ceses overage size wee caicaésted bom 6 teh /® vaing © Conversion table (Table |4 Fin Hatchery Management USFWS 1887) 


+ RM + Feathe Reve Metchery 

(64 > Catemen Metone | ah Hatchery 
MRS F © terced River Hatchery 

MOK > iahehenne Rive Hatchery 

TRE® © Tuchemne River Fish F eciity 
TCEE © Teneme-Cotuse Fah § eciiity 
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